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Abstract  
The aim of this master thesis was to produce meatballs with different characteristics and from these, 
find the meatball that oxidized the most. For the production, minced meat with different 
concentrations of salt and fat from both beef and pork was used. Half of the meatballs were pan-
fried and the other half was deep fat fried. Additionally, three different storage times were applied. 
The meatballs with most lipid oxidation were produced again, this time with antioxidants added to 
them.  
The type of meat and storage time had the largest impact on lipid oxidation. While salt concentration 
and cooking method had moderate affect. The fat content did not significantly affect the level of lipid 
oxidation when comparing the TBAR values per g meatball. It was concluded that pork meatballs 
were more prone to oxidize than beef, most likely due to the higher amount of unsaturated fat and 
lesser fat loss. With longer storage time, more lipid oxidation can take place.  
Adding antioxidants to the meatballs decreased lipid oxidation. The oxidation decreased more with 
higher concentrations of polyphenols of which OPP had a greater affect than oregano oil. This points 
to that the composition of polyphenols in OPP could be better for inhibiting oxidation since they 
showed a better antioxidative capacity. The lipid oxidation decreased more in pork than in beef. 
In the sensory analysis, the panellists experienced the beef meatballs to be more compact than pork. 
This can be correlated to the higher total weight loss for beef meatballs.  A consequence of lipid 
oxidation is the creation of rancid off-flavour. However, this relation was not detected by the 
panellists.  
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Sammanfattning 
Examensarbetets mål var att utvärdera hur olika parametrar påverkade fettoxidationen i köttbullar. 
Syftet med detta var att hitta köttbullen med mest fettoxidation, för att sedan undersöka påverkan 
av tillsats av antioxidanter. Nöt- och fläskfärs med två olika salt- och fetthalter användes i detta 
projekt. Hälften av köttbullarna stektes och andra halvan friterades, vartefter köttbullarna lagrades 
under tre olika långa perioder.   
De två parametrar med störst påverkan på fettoxidationen var typ av kött och lagringstiden. Salthalt 
och tillagningsprocess hade endast måttlig påverkan på fettoxidationen medan fetthalten inte hade 
någon signifikant påverkan. Köttbullar av fläskfärs var mer benägna att oxidera än köttbullarna gjorda 
av nötfärs. Detta berodde troligtvis på att fläskkött generellt har mer omättat fett än nötkött. Ju 
längre lagringstid, desto mer fettoxidation.  
Köttbullarna med antioxidanter oxiderade mindre än köttbullar utan antioxidanter. Fettoxidationen 
minskade gradvis med ökad koncentration av polyfenoler och köttbullar med OPP hade lägre 
oxidation än de med oreganoolja. Detta pekar på att polyfenolinnehållet i OPP vad mer fördelaktigt 
för att inhibera lipidoxidation. Oxidationen minskade mer i köttbullarna med fläskfärs än i de med 
nötfärs.  
Den sensoriska analysen indikerade att köttbullar med nötfärs var mer kompakta än de med 
fläskfärs. Detta kan förklaras med en högre viktförlust i nötfärsbullarna vid tillagning. Härsken bismak 
är en indikation på fettoxidation. Deltagarna kunde dock inte detektera detta samband.  
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Popular abstract 
Preserving meat quality with natural antioxidants  
They are powerful, they are excellent cleansers and they are honoured in all fitness and health 
magazines. A lot of hype surrounds this group off “super foods” called antioxidants! What are these 
compounds and can they preserve meat quality? 
Let us start with what antioxidants are and what they can do. Antioxidants do what their name 
suggests, they prevent oxidation. Oxidation is a process that can take place in meat when oxygen 
reacts with iron, creating reactive ions. These ions can oxidize unsaturated fat in the meat and, as a 
consequence, create a rancid off-flavour and decreased shelf-life. A more commonly known form of 
oxidation is when these reactive ions oxidize metals on your car, creating rust. An antioxidant works 
as a neutralizer and counterbalances the reactive ions, preserving the meat.  
The first part of this project was to find a processed meat product especially susceptible to oxidation. 
In Sweden, meatballs are considered to be a national dish and are thus consumed in high amounts by 
the Swedish population. Therefore, the meatball was chosen in this project to find the type of 
meatball that oxidizes the most. This was done by producing different kinds of meatballs containing 
different types of meat, amounts of fat and salt. Half of the meatballs were made of pork and the 
other half of beef. Pork has more unsaturated fat than beef and therefore oxidized more. After the 
meatballs were cooked, they were stored in the fridge for different amounts of time. The meatballs 
that were stored the longest time had more oxidized fat, which was not a surprise. If you prepare 
food and keep it in the fridge for one day it still tastes good. But if you forget your meat and try to 
eat it after two weeks it can taste very bad. This is mainly due to fat oxidation.  
Now back to the antioxidants. Antioxidants can be found in berries, fruits and vegetables, but also in 
spices. In the frame of this project two different antioxidants, from olives and oregano, were added 
to the meatballs. This addition resulted in a substantial decrease in fat oxidation. It can be concluded 
that the olive antioxidants were better at taking care of the reactive ions than oregano.  
Fat oxidation in meat is a major problem for the food industry. It causes deterioration of quality, with 
rancidity and a decrease in shelf life as two big problems. Meat is responsible for 29 % of the food 
waste generated from Swedish supermarkets.  When adding natural antioxidants the quality of the 
meat and the shelf life increases. It is a win-win situation, both for your wallet and for the 
environment.  
Many studies show that there is a relation between a high intake of processed meat and increased 
risk of colorectal cancer. Some suggest that this can be due to the oxidation process in the meat. 
Maybe, one day, it can be proven that by adding antioxidants to the meat, it gets healthier and the 
risk of causing cancer decreases.  
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1.0 Introduction 
The National Food Agency in Sweden (Livsmedelsverket) recommends the Swedish population to 
consume less red meat, maximum 500 g per week to be specific. Today, the average consumption is 
1 kg per person and week, hence twice the recommended amount (Livsmedelsverket, 2015). Red 
meat includes beef, pork, lamb, goat and game (Livsmedelsverket, 2015). Numerous epidemiological 
studies suggest that there is a relation between high intake of meat and an increased risk of 
colorectal cancer (Berstein, et al., 2015; Cross, et al., 2010; Bidoli, et al., 1992). Red meat and 
processed meat seem to have the highest impact (Berstein, et al., 2015; Chan, et al., 2011).   
The production of meat is responsible for approximately 15 % of the world’s total emission of green 
house gases (Livsmedelsverket, 2015). Production of beef meat has larger impact on the 
environment than the production of pork meat. For producing 1 kg beef, around 23-39 kg 
greenhouse gases are emitted, while for pork, the emission is around 5-8 kg (Livsmedelsverket, 
2015).  
Iron from red meat, so called heme iron, has high bioavailability but it is thought to induce lipid 
oxidation (Cross, et al., 2010). The enzyme heme oxygenase degrades heme in the small intestine, 
releasing free ferrous iron (Fe2+) (Ishikawa, et al., 2010). Iron, in the form of Fe2+, can catalyze the 
formation of reactive oxygen species (ROS) when reacting with polyunsaturated fatty acids (Warriss, 
2000). Antioxidants inhibit oxidation and to certain extent neutralize radicals (Coultate, 2009). Fat 
oxidation in meat is a major problem for the food industry. It causes deterioration of quality, with 
rancidity and a decrease in shelf life as two big problems (Warriss, 2000). According to a report by 
The Swedish Environmental Protection Agency (2012), meat is responsible for 29 % of all food waste 
generated from supermarkets, in Sweden.  
SUSMEATPRO, is an EU project, and stands for “Sustainable plant ingredients for healthier meat 
products – proof of concepts”. The purpose of the SUSMEATPRO project is to incorporate antioxidant 
rich plant waste extracts into meat products and the hypothesis is that this will lower the oxidation, 
resulting in healthier meat (Tornberg, et al., 2015). So far, in the SUSMEATPRO project, horticultural 
plant waste material and by-products from processing these materials have been collected and 
screened for antioxidant capacities. The purpose of using by-products, for e.g. peels and leaves, is to 
promote sustainability. The next step of this project is to test meatballs, with and without these 
antioxidant plant extracts, in an in vivo study, to see if there is a difference in inflammation 
prevalence (Tornberg, et al., 2015).  
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2.0 Background 
2.1 Meat in general 
Meat consists to a large extent of water, 75 %, and proteins, 20 %, but it also contains 3 % fat and 2 
% non-protein substances (Tornberg, 2005). The non-protein substances consist of nitrogen-
containing substances, carbohydrates, inorganic compounds, metals and vitamins, in decreasing 
order (Tornberg, 2005). The muscle proteins can be divided into myofibrillar, sarcoplasmic and 
stromal proteins. Myosin and actin are myofibrillar proteins, myoglobin and hemoglobin are 
sarcoplasmic proteins and stromal proteins (connective tissue) consist primarily of collagen and 
elastin (Warriss, 2000).  
 
Most of the water in meat is held in the space between the thin and thick filaments (i.e. actin and 
myosin), while some water is bound to muscle proteins or located in the extracellular space (Warriss, 
2000). When the filament is contracting and expanding, due to interaction between actin and 
myosin, this water will be expelled or taken up (Warriss, 2000).  
2.1.1 Meat quality 
The muscles of a slaughtered animal get acidified due to formation of lactic acid, which is produced 
from glycogen, when the transportation of oxygen stops (Warriss, 2000). The acidification process 
takes on average 4-8 h in pigs, while up to 15-36 h in cattle (Dransfield, 1994). As the pH drops, the 
muscle proteins tend to denature. When the proteins reach their isoelectric point (i.e. the pH at 
which the proteins have no net electrical charges) their ability to bind water is reduced (Warriss, 
2000). During rigor mortis, water will be expelled from the muscle fibres into the extracellular space 
due to lattice shrinking (Tornberg, 2013). The extracellular water is not firmly held and if a muscle is 
cut post-rigor, this water tends to be lost (drip loss) and the water holding capacity of the meat is 
lowered (Warriss, 2000). Differences in species, age, sex, breed and cuts affect the water holding 
capacity, even meat from animals with similar characteristics show difference in water holding 
capacity (Lawrie, 1991).  
2.1.2 Water holding capacity 
The water holding capacity of the meat is affected if the animal is stressed before and at slaughter. If 
the animal experiences stress at slaughter (acute stress), the meat will be pale, so called PSE (pale, 
soft and exudative) meat (Tornberg, 1996). PSE meat has a very low water holding capacity due to 
the immediate acidification of the muscle, which is a result from a low pH value when the body 
temperature remains high (Warriss, 2000). A lower pH will reduce the electrostatic repulsion 
between the myofibrillar filaments, resulting in an increased shrinking and a higher drip loss (Warriss, 
2000).  If the animal has experienced stress for a longer time before slaughter, the glycogen level in 
its muscles is very low, resulting in a higher pH of the meat since less acidification can occur when 
less glycogen is available (Tornberg, 1996). Meat from this animal will be dark, so called DFD (dark, 
firm and dry) meat (Warriss, 2000). Since the pH of this meat is relatively high, proteins will not 
denature as much as in PSE meat, and can still bind water (Warriss, 2000). DFD occurs more 
frequently in beef, while PSE-meat is more common in pig (Tornberg, 1996).  
2.1.3 Heat treatment 
When meat is heated, the proteins denature and cause changes to the meat structure. Sarcoplasmic 
proteins aggregate and form gels while the myofibrillar proteins and the connective tissue shrinks 
(Tornberg, 2005). When cooking a hamburger, it shrinks more than an emulsion sausage due to a 
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higher amount of whole muscle fibres and pieces of fibres, resulting in larger cooking and water 
losses (Tornberg, 2013). A way to improve the water holding capacity is adding salt, which leads to 
swelling of the myofilament lattice. When mincing meat and adding salt, salt soluble meat proteins 
are extracted to a certain degree. After cooking, the structure consists of a protein gel network 
where the extracted proteins bind together the meat fibres and fibre bundles (Tornberg, 2005).  
 
In meat products, the fat is either dispersed in the meat protein matrix, as single fat cells or in fat cell 
aggregates, or it is squeezed out of the cells and dispersed in the meat matrix in form of large fat 
pools or in smaller droplets (Tornberg, 2013). In burgers, it is more common that the fat is in the 
meat protein matrix. As protein shrinks upon heating, fat is squeezed out of the protein matrix. This 
fat can be transferred to the outer part of the product and be lost (Tornberg, 2013).  
2.2 Lipid oxidation  
Lipid oxidation is a complex chain reaction between unsaturated fatty acids and oxygen (Coultate, 
2009). Meat contains both saturated and unsaturated fat (Warriss, 2000). The cell membranes 
contain unsaturated fat, phospholipids, which can undergo lipid oxidation and form lipid 
hydroperoxides (Coultate, 2009). These are not stable and can easily break down and form carboxyl 
compounds, aldehydes and ketones, which can create rancid off-flavours (Warriss, 2000). Other 
consequences of lipid oxidation are: shortened shelf-life, formation of toxic compounds and 
discoloration (Sochr, et al., 2014).  
Lipid oxidation is an autocatalytic reaction, which means that the radicals formed during the process 
can catalyse further reactions, creating a chain reaction. Lipid oxidation can be divided into 3 phases: 
initiation, propagation and termination, (Warriss, 2000) see Figure 1. 
 
Figure 1. The three phases of lipid oxidation. Figure modified from (Elkordy, 2013) 
The mechanism of lipid oxidation is explained by Coultate (2009). In the initiation phase, a free 
radical (R•) is formed when an unsaturated fatty acid molecule (R-H) reacts with an initiation radical 
(In•). The initiation radical can e.g. be a singlet oxygen 1O2, a reactive short-lived type of oxygen, or a 
hydroxyl radical. In food systems, these radicals can be formed when oxygen reacts with Fe2+ or with 
proteins containing heme iron, like haemoglobin and myoglobin. The initiation phase can be 
catalysed by heat, light or other metal ions (Coultate, 2009). Metal ions enhance lipid oxidation by 
facilitating transfer of electrons and thereby increase the formation of free radicals (Geissler & Singh, 
2011).  
In the propagation phase, the free radical reacts with oxygen, forming a lipid peroxy radical (ROO•). 
This radical can react with another fatty acid molecule, resulting in a lipid hydroperoxide (ROOH) and 
another free radical (Coultate, 2009). Lipid hydroperoxide can, as previously mentioned, break down 
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into compounds that produce off-flavours. This breakdown can be catalysed by heme iron in 
hemoglobin and myoglobin or, more commonly, by free ionic iron. In the final phase, the termination 
phase, two radicals react with each other, forming non-radical products (Warriss, 2000). The 
termination phase can also take place if a radical react with an antioxidant (Coultate, 2009), more 
about this can be found in the paragraph “2.4 Antioxidants”.  
Tarladgis, et al. (1960) invented the TBAR assay, which is a method for measuring lipid oxidation. One 
of the products from lipid oxidation is malondialdehyde (MDA) (Warriss, 2000). When MDA reacts 
with 2-thiobarbituric acid (TBA) a complex is formed, resulting in a pink colour (Hoyland & Taylor, 
1991). This complex can be quantified via absorption spectrophotometry at 532 nm and be 
compared to a standard curve by known concentrations of a MDA precursor, usually 
1,1,3,3,tetramethoxypropane (TMP) with TBA (Janero, 1990). To detect non-specific turbidity, 
absorbance is measured at 600 nm, this absorbance is then subtracted from the absorbance at 532 
nm (Hoyland & Taylor, 1991). The higher the TBARS value, the more lipid oxidation.  
2.3 Lipid oxidation in meatballs 
There are many factors affecting lipid oxidation in meat, e.g. the fat composition and content, 
processing, ingredients and storage conditions (Ladikos & Lougovois, 1990). Processes that damage 
the muscle structure, like mincing, increase the exposure of the fatty acids to catalysing factors, 
resulting in increased lipid oxidation (Warriss, 2000).  
The total iron content in raw minced beef and pork meat is 1.94 and 1.05 mg/ 100g respectively 
(Livsmedelsverket, 2016). Animal products contain both heme and non-heme iron (Rebouche, et al., 
2004). Heme iron can be found in hemoglobin and myoglobin. Hemoglobin is responsible for 
transporting oxygen in blood and myoglobin for oxygen storage in muscle cells (Warriss, 2000). Non-
heme iron can be found in numerous enzymes, it commonly enters the body in ferric form (Fe3+) and 
is reduced to Fe2+ before it is absorbed in the intestinal enterocyte (Sharp & Srai, 2007). Ascorbic acid 
can act by reducing Fe3+ to Fe2+ and thereby make the non-heme iron more soluble and absorbable.  
Among the different forms of iron, the major catalyst, of lipid oxidation, is thought to be free ionic 
iron (Fe2+ and Fe3+) released from myoglobin (Shleikin & Medvedev, 2014; Min, et al., 2010). Min, et 
al.,(2010) showed in a study that the addition of myoglobin to beef loin did not increase the TBARS 
value, but adding Fe2+ and Fe3+ on the other hand, did. Fe2+ can react with oxygen O2, forming Fe
3+ 
and superoxide radical (O-2), see reaction (a) in Figure 2. (Sardesai, 2012). O
-
2 are moderately reactive, 
but can be converted to hydrogen peroxide (H2O2), see reaction (b) in Figure 2 (Sardesai, 2012). In 
the Fenton reaction, see reaction (c) in Figure 2. H2O2 is converted to a hydroxide ion (OH
-) and a 
hydroxyl free radical (OH•), catalyzed by Fe2+ (Sigma-Aldrich, 2016). Hydroxyl radicals are very reactive 
and can be involved in the initiation of the lipid oxidation (Sigma-Aldrich, 2016).  Reactions with Fe3+ 
does not result in radical formation directly, however Fe3+ can be reduced to Fe2+ which, as 
mentioned above, can give O-2 and OH• (Sardesai, 2012).  
 
Figure 2. Generations of free radicals. Figure modified from (Sardesai, 2012) 
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2.3.1 Fat content  
In the category of red meats, pork is more prone to undergo lipid oxidation than beef, when 
comparing the fat content (Araujo de Vizcarrondo, et al., 1998). This can be explained by the ratio 
between saturated fatty acids and unsaturated fatty acids. Beef has a composition of 45 % saturated 
fat and 55 % unsaturated while pork has 40 % saturated and 60 % unsaturated (Warriss, 2000). 
However, these numbers vary with diet, age, species and cuts (Araujo de Vizcarrondo, et al., 1998).  
In a study, conducted by Utrera, et al. (2014), lipid oxidation was measured in beef patties with low 
(2.9 %), medium (15.2 %) and high (30.6 %) fat content. The patties were cooked and subsequently 
stored for 15 days at 4 °C. After storage, the beef patties with low fat content had highest lipid 
oxidation and the patties with highest fat content had least lipid oxidation, when comparing per kg 
meat. The heme iron content was highest in the patties with low fat content and this was thought to 
be a reason for the higher lipid oxidation. However, some studies show a correlation between 
increased fat content and increased lipid oxidation in beef patties and pork sausage respectively 
(Fuentes, et al., 2014; Sasaki, et al., 2001)  
In the Swedish Food Composition Database 2016, nutrients from different kinds of food can be 
compared. In Table 1, minced beef and pork meat with the same content of total fat is compared in 
saturated and unsaturated fatty acids.  
Table 1. Fatty acids in minced meat from beef and pork, per 100g (Livsmedelsverket, 2016). 
Nutrient (unit) Beef, minced meat 
fat 15 % raw 
Pork, minced meat 
fat 15 % raw 
Fat (g) 15 15 
Sum of saturated fatty acids (g) 6.6 6.5 
Fatty acids 4:0-10:0 (g) 0 0.02 
Fatty acid 12:0 (g) 0.01 0.02 
Fatty acid 14:0 (g) 0.43 0.27 
Fatty acid 16:0 (g) 3.53 3.86 
Fatty acid 18:0 (g) 2.04 2.26 
Fatty acid 20:0 (g) 0.02 0.04 
Sum of monounsaturated fatty acids (g) 6.86 6.18 
Fatty acid 16:1 (g) 0.63 0.51 
Fatty acid 18:1 (g) 5.91 5.46 
Sum of polyunsaturated fatty acids (g) 0.65 1.66 
Fatty acids 18:2 (g) 0.43 1.3 
Fatty acid 18:3 (g) 0.1 0.08 
Fatty acid 20:4 (g) 0.04 0.04 
EPA (Fatty acid 20:5) (g) 0.01 0.02 
DPA (Fatty acid 22:5) (g) 0.02 0.04 
DHA (Fatty acid 22:6) (g) 0 0.06 
 
The content of saturated fatty acids is comparable, while beef has more monounsaturated and less 
polyunsaturated fatty acids than pork (see Table 1). Since the unsaturated fatty acids react in the 
lipid oxidation reaction, they will be discussed in more detail. Beef contains both more palmitoleic 
(16:1) and oleic (18:1) acid than pork. However, more interesting is the difference in polyunsaturated 
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fatty acids. Pork contains three times more linoleic acid (18:2) than beef, while beef contain 20% 
more linolenic acid (18:3) (Livsmedelsverket, 2016). It is not the number of carbons, rather the 
number of double bonds that determine the level of oxidation (Warriss, 2000). This is because lipid 
oxidation is initiated when a hydrogen atom is abstracted from a methylene group next to a double 
bond (Coultate, 2009). Linoleic and linolenic acid both have 18 carbons, but linoleic acid has two 
double bonds while linolenic has three. The rate of oxidation is thus greater with linolenic acid 
(Warriss, 2000). The rate of oxidation for linoleic (18:2) and linolenic acid (18:3), compared to oleic 
(18:1) at 20 °C, is 12-20 times and 25 times greater, respectively (Kodali, et al., 2002). When 
comparing the polyunsaturated fatty acids with five or six double bonds, pork have higher amounts 
than beef, in all of these, see Table 1. To conclude, the fatty acid composition varies between pork 
and beef. The fat in pork contains more polyunsaturated fatty acids, which is the type of fat that is 
most susceptible to lipid oxidation. 
2.3.2 NaCl concentration  
NaCl decreases the water activity in food and inhibit microbial growth, which thus prolongs the shelf 
life and preserves the food (Coultate, 2009). However, several studies suggest that NaCl increase lipid 
oxidation in minced meat (Bess, et al., 2013; Jin, et al., 2012; Min, et al., 2010; Gheisari, et al., 2010). 
NaCl can destruct cell structures and thereby brings intracellular compounds into contact, thus 
exposing the unsaturated fatty acids in membranes (Min, et al., 2010). Another explanation is that 
NaCl dislocates iron ions from their binding sites on myoglobin, increasing the amount of free ionic 
iron (Kanner, et al., 1991).  
In a study, conducted by Gheisari, et al. (2010), NaCl was added to raw minced beef in different 
concentrations (0 %, 1 % and 6 %) to see how the salt concentration affected lipid oxidation. The 
meat samples were stored in plastic bags at 4 °C for three weeks. The results revealed that the fatty 
acid composition of the meat with 6 % salt had the lowest content of polyunsaturated fatty acids and 
highest content of saturated fatty acids after three weeks. The TBARS values were additionally 
highest for the meat with 6 % salt. Both these results indicate that the level of lipid oxidation 
increases with increased salt concentration, at least up till 6 % salt (Gheisari, et al., 2010).  
2.3.3 Cooking and storage 
When meat is heated, the lipid oxidation process is accelerated, due to disruption of muscle cells and 
release of iron from heme proteins (Min, et al., 2008). In this project, the meatballs will either be 
pan-fried or deep fat fried in rapeseed oil. Some studies suggest that the use of vegetable oil during 
cooking of meat increases the TBARS values, due to addition of polyunsaturated fatty acids from the 
oil (Serrano, et al., 2007; Saghir, et al., 2005). 
 
When storing cooked meat in refrigerated temperature it oxidizes and gets a rancid taste and smell. 
This process is called warmed-over flavour (WOF) and is created when lipids oxidize (Warriss, 2000). 
WOF is produced by the oxidation products, including aldehydes, ketones, alcohols and some other 
volatile compounds (Warriss, 2000). Min, et al. (2010) compared the TBARS value for raw and cooked 
beef meat stored for 10 days at 4 °C. The TBARS value increased gradually with storage time for both 
raw and cooked meat, however more in cooked.  
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2.4 Antioxidants 
Antioxidants are substances that prevent oxidation and are commonly used to prolong the shelf-life 
of food products. There are different types of antioxidants, both natural and synthetic (Bartosz, 
2013). Vitamin C, Vitamin E, polyphenols and carotenoids such as lycopene and β-carotene are 
examples of natural antioxidants. These can be found in e.g. fruits, berries and vegetables (Coultate, 
2009). Natural antioxidants can reduce lipid oxidation in living animals where vitamin E is most 
commonly used (Warriss, 2000). Feed can be supplemented with vitamin E and thereby the levels 
presented in meat after slaughter are enhanced (Warriss, 2000).  
Antioxidants can act by different mechanisms. Natural antioxidants, such as carotenoids, react with 
singlet oxygen 1O2, stopping the initiation of lipid oxidation (Coultate, 2009). Polyphenols act by 
donating an electron or a hydrogen atom to the free radical (Sanchez-Escalante, et al., 2003). 
Another mechanism is to block the propagation phase of the oxidation process. This is mainly 
associated with synthetic antioxidant, like butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT). Antioxidants cannot reduce the lipid oxidation in foods which are already 
rancid; they can only prolong the induction time (Coultate, 2009). 
2.4.1 Analysing methods 
2.4.1.1 Folin-Ciocalteu  
One method to measure the content of total phenols is by using the Folin-Ciocalteu reagent. The 
Folin-Ciocalteu reagent has an intense yellow colour and contains a mixture of 
phosphomolybdate and phosphotungstate (Singleton, et al., 1999). When this reagent is mixed with 
phenolic compounds, electrons will be transferred from the phenolic compounds to the 
phosphomolybdate/phosphotungstate complex and form a blue colour under alkaline conditions 
(Schofield, et al., 2001). Sodium carbonate solved in water is added to get an alkaline solution. When 
the sample is mixed with Folin-Ciocalteu reagent and sodium carbonate, a final pH of about 10 is 
desired (Singleton, et al., 1999). The blue colour is measured spectroscopically at 760 nm.  
2.4.1.2 ABTS assay  
To determine the radical scavenging activity, the ABTS [2,2’-azinobis-(3-ethylbenzothiazoline- 
6-sulfonic acid)] assay can be used for measuring the antioxidative capacity of phenolic compounds, 
carotenoids and some plasma antioxidants (Re, et al., 1999). When using this method, ABTS radical 
cations (ABTS•+) are first produced by letting ABTS react with potassium persulfate, during which a 
blue/green colour is formed (Gülçin, et al., 2010). This pre-formed ABTS•+ radical is reduced to ABTS 
when the antioxidants are added, and the colour changes back to colourless. The samples and 
standards are measured at 734 nm and from that data, the percentage inhibition of absorbance at 
734 nm is determined (Re, et al., 1999).  
2.4.1.3 FRAP assay 
Another method to determine the power of the antioxidant is the FRAP (Ferric Reducing Ability of 
Plasma) assay. In this method, tris(2-pyridyl)-s-triazidine (TPTZ) is mixed with ferric chloride 
hexahydrate, resulting in a yellow Fe3+-TPTZ complex (Benzie & Strain, 1996). When antioxidants are 
added to this complex, under acidic conditions, it will be reduced to a blue Fe2+-TPTZ complex with a 
maximum absorption at 593 nm (Nilsson, et al., 2005). This method is simple to perform, the reaction 
is reproducible and quick (Benzie & Strain, 1996). Nilsson et al. (2005) showed in a study that both 
ABTS and FRAP assay is suitable for measuring the antioxidant capacities in vegetables, fruit and 
spices, and that different antioxidants had different reactivity in the two methods.  
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2.4.2 Oregano and rosemary 
Three antioxidants, oregano (Origanum vulagre L.) enhanced with nature identical substances, 
rosemary (Rosemarinus officinalis L.) and olive (Olea europaea) polyphenols will be used in this 
project. Rosmarinic acid, carnosic acid and carnosol, see Figure 3, are antioxidants present in oregano 
and rosemary (Bartosz, 2013). There are also other antioxidants present in these two spices, oregano 
contains for e.g. carvacrol, p-cymene and γ-terpinene while rosemary contains α-pinene, camphor 
and 1,8-cineole (Viuda-Martos, et al., 2007). 
 
Figure 3. Antioxidants present in oregano and rosemary, modified from (Zabot, et al., 2014) 
Hernández-Hernández, et al. (2009) studied the concentrations of rosmarinic acid, carnosic acid and 
carnosol in extracts from oregano (Origanum vulgare L.) and rosemary (Rosmarinus officinalis L.) 
leaves, and measured their antioxidative capacity. The concentration of rosmarinic acid was not 
significantly different between the two extracts. However, the extracts from rosemary had higher 
concentrations of carnosol and carnosic acid and also a higher antioxidative capacity, compared to 
oregano (Hernández-Hernández, et al., 2009). Several publications show that an addition of rosemary 
to various meat cuts decreases the TBARS value (Han & Rhee, 2005; Nissen, et al., 2004; Ahn, et al., 
2002). According to Sanchez-Escalante, et al. (2003) rosemary and oregano inhibits lipid oxidation to 
the same degree in beef patties, when added in the same concentration.  
2.4.3 Olive polyphenols 
The company Phenoliv has developed a process for extracting polyphenol antioxidants from 
wastewater from olive oil production (Phenoliv AB, 2016). Polyphenols from Olea europaea extracts 
have antioxidant effect and help cells taking care of free radicals (EFSA Panel on Dietetic Products, 
Nutrition and Allergies (NDA), 2011).  The link between olive polyphenols and reduced oxidative 
stress has been approved by European Food Safety Authority (EFSA Panel on Dietetic Products, 
Nutrition and Allergies (NDA), 2011). 
DeJong & Lanari (2009) demonstrated that the major compounds in their olive extract were 
hydroxytyrosol, tyrosol, caffeic acid, p-coumaric acid and vanillic acid, in decreasing order. The health 
beneficial claims of hydroxytyrosol have been accepted by European Food Safety Authority, as one of 
a few natural antioxidants (EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2011). 
Hydroxytyrosol protects body cells from oxidative stress.  
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Other researchers have found a few other polyphenols in olives and olive oil, such as quercetin 
(Obied, et al., 2007), oleuropein and rutin (Botía, et al., 2001). The mentioned phenolic compounds 
can be seen in Figure 4.  
 
Figure 4. Antioxidants present in olive extract, modified from (DeJong & Lanari, 2009). 
Several studies suggests that the total polyphenol content in olives is closely connected to the 
remarkable resistance to oxidation (Matos, et al., 2007; Franconi, et al., 2006; Hrncirik & Fritsche, 
2005). DeJong and Lanari (2009) showed that olive extracts lowered the TBARS value in both pre-
cooked beef and pork. The greatest antioxidative activity was measured in beef and the effect 
increased with increased concentration of olive extract.  
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3.0 Aim 
The aim of this master thesis project is to produce meatballs and to find the one that oxidizes the 
most, by testing different recipes. Minced meat with different concentrations of salt and fat from 
both beef and pork will be used. The salt concentration is 2 and 4 % and the fat content is 
approximately 10 and 20 %, to mimic the different recipes available on the market today. Half of the 
meatballs will be deep fat fried and the other half will be pan-fried. The meatballs will then be stored 
for 1, 7 and 14 days, to see how the storage time influences the oxidation. The meatballs will be 
stored in sealed polyethylene plastic bags in a fridge, to simulate the storage in the industry. To 
evaluate the lipid oxidation, TBARS assay will be used.  
In addition, oregano, rosemary and olive polyphenols will be tested for their antioxidative capacity. 
These antioxidants will be purchased as powder (olive polyphenols) and oils (oregano and rosemary). 
The antioxidative capacity will be tested with three different methods: Folin-Ciocalteu (FC), ABTS 
assay and FRAP assay. The meatball that oxidizes the most will then be treated with these 
antioxidants. The meatballs will be tested with the TBARS assay to evaluate if the antioxidant 
decreased the level of lipid oxidation compared to the same meatball without antioxidants.  
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4.0 Materials and methods 
4.1 Meatball production 
4.1.1 Material  
 Deep-fryer: Julabo HC 
 Rapeseed oil: Zeta 
 Hot plate: Schott ceran 
 Frying pan 
 Laser thermometer: IR-termometer Basetech IRT-350 
 Thermometer: Type-K thermocouple  
 Scale: Mettler Toledo PB1502-S 
 Plastic bags, polyethylene  
 Minced pork and beef meat: Atria AB 
 
For this master thesis project, minced meat from Atria AB was used to produce meatballs. The salt 
and fat contents were adjusted during the mincing of the meat. The final salt concentrations were 2 
and 4 % and the final fat content can be seen in Table 2. When the meat was minced, the aim was to 
get 10 % and 20 % fat. However, it was hard to get exactly these concentrations. To get minced pork 
with a fat content of 10 %, lean meat material with a fat content of 4.3 % and fat meat material with 
a fat content of 15.6 % was used. To get minced pork meat with 20 % fat, the meat with 15.6 % fat 
was used as the lean meat and the fat meat material added had 28.2 % fat. For beef, the same lean 
and fat meat material was used to achieve both 10 and 20 % fat content, only added in different 
amounts. After mincing, the meat was vacuum packed and stored frozen at -18 ˚C for approximately 
4 months before it was used in this project. 
Table 2. The fat content in the meat material that was used to achieve minced meat with approximately 10 and 20 % fat.  
Type of meat Pork Pork Beef Beef 
Wanted fat content (%) 10.0 20.0 10.0 20.0 
Fat content in lean meat (%) 4.3 15.6 5.5 5.5 
Weight of used lean meat (kg) 4.2 5.5 6.8 2.9 
Fat content in fat meat (%) 15.6 28.2 27.5 27.5 
Weight of used fat meat (kg) 4.3 3.0 1.7 5.6 
Final fat content (%) 10.7 21.3 9.3 21.4 
Salt content (%) 2 4 2 4 2 4 2 4 
Weight of added salt (g) 170 340 170 340 170 340 170 340 
Final weight (kg) 8.5 8.5 8.5 8.5 
 
Pork shoulder, from which the fat and connective tissue was removed, was used as the leanest (4.3 % 
fat) meat material for minced pork. The meat material with 15.6 % fat was from pork shoulder and 
shoulder hocks and to increase the fattiness, to 28.2 % fat, ham and pork belly was added. The lean 
meat material for minced beef was boneless beef and the fat meat material was a mix of different 
cuts with 25-30 % fat. The latter one consisted of cuts from shoulder clod, chuck, shank, beef plate 
and skirt steak.  
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Pan-fried 
Pork 
2 % salt 
10 % fat 
1 day 
7 days 
14 days 
20 % fat 
1 day 
7 days 
14 days 
4 % salt 
10 % fat 
1 day 
7 days 
14 days 
20 % fat 
1 day 
7 days 
14 days 
Beef 
2 % salt 
10 % fat 
1 day 
7 days 
14 day 
20 % fat 
1 day 
7 days 
14 days 
4 % salt 
10 % fat 
1 day 
7 days 
14 days 
20 % fat 
1 day 
7 days 
14 days 
4.1.2 Method 
Since the salt and fat content were already set, no other ingredients were added. The minced meat 
was first mixed by hand and then rolled to meatballs. All the meatballs had a final weight of 15 ±0.1g.  
Half of the meatballs were pan-fried and the other half deep fat fried. Rapeseed oil (zeta) was used in 
both cases. The temperature in the pan was 175 °C, measured with a laser thermometer (IR-
termometer Basetech IRT-350) and the oil in the deep-fryer had a temperature of 160 °C. When the 
internal temperature of the meatballs reached 72 °C they were removed from the pan/deep-fryer. 
The meatballs were cooked in a randomised order to avoid the lipid oxidation impact of aging oil. 
After the cooking process, the meatballs were placed on paper towels to let the oil drip off. To 
determine the total loss during cooking, all meatballs were weighed again after cooking, when cooled 
down to room temperature. The meatballs were then stored in sealed polyethylene plastic bags in a 
refrigerator at 4 °C for 1 day, 7 days and 14 days.  
A production scheme for the pan-fried meatballs can be seen in Figure 5. From the meat, 8 different 
categories of pan-fried meatballs were produced; P 2/10, P 4/10, P 2/20, P 4/20, B 2/10, B 4/10, B 
2/20 and B 4/20 and the same 8 categories were deep fat fried. 
8  categories 
Figure 5. The 8 categories of pan-fried meatballs produced in this project, 3 different storing times where applied 1, 7 and 14 
day. 
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In Figure 6, deep fat fried meatballs from pork and beef are shown. 
   
Figure 6. Deep fat fried meatballs, with varying salt and fat content, half made of pork and the other half of beef.  
An overview of the experimental plan on analysis can be seen in Table 3. After achieving the results 
from these experiments, the meatball that had oxidized the most will be combined with the 
antioxidant that had the best antioxidative capacity. New meatballs will be produced and tested with 
the TBAR assay. 
Table 3. Experimental plan of the analysis 
Method Aim Samples 
Total loss Determine weight, water and fat loss during cooking  Meatballs  
TBAR Determine the lipid oxidation in cooked meatballs 
and find the meatball that oxidizes the most 
Meatballs  
Folin-Ciocalteu Determine the content of polyphenols Olive polyphenol, 
Oregano, Rosemary 
ABTS Determine the radical scavenging activity Olive polyphenol, 
Oregano, Rosemary 
FRAP Determine the ferric reducing ability of plasma Olive polyphenol, 
Oregano 
4.2 Total loss, water loss and fat loss 
4.2.1 Material  
 Oven: Lab drying convection oven TS series 8000, Termaks  
 Scale: Precisa 410AM-FR 
4.2.2 Method  
After the production, meatballs and raw minced meat were placed in aluminium bowls in a 
convection oven to determine the water content. Approximately 5 g of each sample was weighed 
and placed in a drying oven at 102 °C overnight. The next day, the samples were transferred to a 
desiccators, where they were cooled down until they reached room temperature. The weights of the 
dried samples were noted and the water content was calculated using Equation 1 and 2. The 
measurements were performed in triplicates.  
            
                                   
                                    
                               Equation 1 
P 2/10 
P 4/10 P 2/20 
P 4/20 B 2/10 
B 4/10 B 2/20 
B 4/20 
P is pork 
B is beef 
1st digit is salt concentration 
2nd digit is fat content 
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                                                                                       Equation 2 
The water content was used to calculate the water loss in Equation 3 and fat loss in Equation 7.  
Water loss (%) of meatball, WL: 
                                                                                           Equation 3 
Where: Wi = initial water content of the meatballs before frying, see Equation 4 
Wf = water content of the meatball after frying, see Equation 5 
TL  = total weight loss (%) during frying, see Equation 6 
   
                                                                
                               
                                     Equation 4 
   
                                                                            
                               
                  Equation 5 
   
                                        
                    
                                                                                   Equation 6 
Fat loss (%) of meatballs, FL: 
                                                                                                                       Equation 7 
Where it is assumed that the total weight loss only consists of water and fat, losses of carbohydrates 
and proteins are neglected. When using the equations above, the fact that the meatballs can gain fat 
from the frying oil is not taken into consideration.  
4.3 TBAR assay 
4.3.1 Material 
 Spectrophotometer: Cary 50 Bio UV-Vis, VARIAN 
 Cuvettes: PS, 2.5ml Macro, 12,5*12,5*45mm 
 Centrifuge: Allegra X-15R, Beckman coulter 
 Vortex: VF2, Janke & Kunkel, IKA-WERK 
 Filter paper: Munktell qualitative filter paper, grade 1F, size 150mm 
 2-Thiobarbituric acid (TBA): Sigma-Aldrich, Germany 
 Trichloroacetic acid (TCA): Merck, Germany 
 1,1,3,3,Tetramethoxypropane (TMP) 99%: Sigma-Aldrich, Germany 
 Hydrochloric acid (fuming) 37 %: VWR BHD Prolabo 
 Ethanol 96%: VWR BHD Prolabo 
 Milli-Q water 
4.3.2 Method 
This method was performed according to Buege & Aust (1978) with some modifications. The TBAR 
protocol can be seen in Appendix 1. The TBA reagent was prepared from hydrochloric acid (HCl), 
trichloroacetic acid (TCA) and thiobarbituric acid (TBA). Firstly, 0.25 M HCl was prepared by adding 
4.106 mL HCl stock solution (37 %) to at least 50 mL water, which was then filled up to 200 mL. 
Secondly, 30 g TCA was weighed and around 100 mL of 0.25 M HCl was added to solve the TCA. 
Finally, 1.5 g TBA was weighed and added to the solution, which was then transferred to a volumetric 
flask (200 mL) and filled up with 0.25 M HCl.     
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The 1,1,3,3 tetramethoxypropane (TMP) solution was prepared by diluting 164.5 µl TMP in 100 ml 
milli-Q water. This solution was then diluted by taking 1 ml of the TMP solution that was transferred 
to a 100 ml volumetric flask to which 100 ml milli-Q water was added. A standard curve, see Figure 7, 
with TMP was prepared in the following concentrations: 0, 8, 16, 24, 32 µM. When TMP is diluted in 
water it converts to MDA by hydrolysis. The standard curve was used as a reference to calculate 
TBAR value in µM MDA/g cooked meatball.  
 
Figure 7. Standard curve for the TBAR assay for the calculation of µM MDA/g cooked meatball. 
The meatballs were weighed and crushed with a pestle and mortar before they were put in 50 mL 
tubes with 22.5 mL milli-Q water. All samples were prepared in triplicates. 1.5 mL TCA was added to 
the samples and they were vortexed and heated to 40 °C for five minutes, to precipitate the proteins, 
before. The TCA solution was prepared by adding 15 g TCA to a 150 mL volumetric flask, which was 
then filled up with milli-Q water. Subsequently, 2 mL ethanol was added to solubilise the lipids 
before the samples were filtered with munktell filter paper grade 1F. 2.5 mL of the TBA reagent was 
then added to 0.5 mL of the filtrates and to the standard solutions which were then put into a water 
bath at 90 °C for 10 minutes. The samples were then cooled down in tap water to stop the reaction 
and centrifuged for 20 minutes at 3600 rpm. Finally, the absorbance was measured at 532 and 600 
nm. From the results, the coefficient of variation was calculated and if the value exceeded 10 %, new 
samples from the filtrates were taken and re-tested.  
The TBAR value was calculated with Equation 8:  
           
               
      
                                                                                       Equation 8 
Where m = y-abscissa of standard curve, k =slope of a standard curve, mass = weight of the sample. 
The results are displayed in µM MDA/ g meatball and µM MDA/ g fat in a meatball. 
4.4 Folin-Ciocalteu 
4.4.1 Material 
 Spectrophotometer: Cary 50 Bio UV-Vis, VARIAN  
 Cuvettes: PS, 2.5 mL macro, 12.5x12.5x45 mm 
 Folin-Ciocalteu (FC): Merck KGαA, Germany  
 Sodium carbonate > 99.5%: Sigma-Aldrich, Germany  
 Gallic acid: Sigma-Aldrich, Germany 
 Ethanol >99.98%: VWR BHD Prolabo 
y = 0,0252x + 0,0003 
R² = 0,9998 
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 Milli-Q water 
 Olive polyphenol (OPP): Lundoliv P1100 
 Oregano oil absolute: Sigma-Aldrich, Germany 
 Rosemary oil absolute: Sigma-Aldrich, Germany 
4.4.2 Method 
This method was performed according to Singelton, et al. (1999) with some modifications. The Folin-
Ciocalteu protocol can be seen in Appendix 2. A gallic acid solution was prepared and used for the 
standard curve. First, 13.2 mg gallic acid was dissolved in 5 mL ethanol in a 100 mL volumetric flask, 
which was filled up to 100 mL with milli-Q water. The standard solutions were then prepared from 
five concentrations: 0, 6.6, 13.2, 26.4, 66 and 132 mg/L in cuvettes. The standard curve can be seen 
in Figure 8. Sodium carbonate, which is used to increase the pH, was prepared by weighing 35 g and 
dissolving it in Milli-Q water to a final volume of 100 mL. A magnetic stirrer at 50 °C was used to 
facilitate the dissolving.  
 
Figure 8. Standard curve of gallic acid for the calculation of the concentration of polyphenols.  
The antioxidants were prepared by weighing 500 mg olive polyphenol powder which was dissolved in 
50 mL Milli-Q water. From this solution 10 µL was transferred to a cuvette to which 90 µL Milli-Q 
water was added. The oregano oil was diluted by taking 40 µL oil and adding 50 mL Milli-Q water. 
From this solution 10 µL was transferred to a cuvette to which 90 µL Milli-Q water was added. The 
rosemary oil was tested both diluted in water, methanol and ethanol, in different concentrations. 
Finally it was tested undiluted. The antioxidants were all tested in triplicates.  
To the cuvettes with standard solutions and antioxidant solutions, 200 µL Folin-Ciocalteu reagent was 
added. After 3 minutes, 2 mL saturated sodium carbonate solutions was added and then 1 mL Milli-Q 
water before they were mixed, using a pipette. The tubes were stored in a dark place, at room 
temperature, for 60 minutes. The absorbance was measured at 765 nm.  
The polyphenol content (concentration) of the antioxidants is calculated using the standard curve of 
the gallic acid. The concentration of polyphenols in the diluted samples was calculated with Equation 
9.  
                                                      
            
 
                           Equation 9 
Where m = y-abscissa of standard curve, k =slope of a standard curve. The total phenolic content is 
expressed as mg of gallic acid / L.  
y = 0,0032x + 0,0003 
R² = 0,9995 
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4.5 ABTS assay 
4.5.1 Material 
 Spectrophotometer: Cary 50 Bio UV-Vis, VARIAN 
 Cuvettes: PS, 2.5ml Macro, 12,5*12,5*45mm 
 2,2’-azino- bis-3- ethylbenzothiazoline-6- sulfonic acid diammonium salt (ABTS) ≥98 %: 
Sigma-Aldrich, Germany 
 Potassium peroxydisulfate ≥99 %: Sigma-Aldrich, Germany 
 Sodium acetate anhydrous ≥99 %: Sigma-Aldrich, Germany 
 Acetic acid ≥99%: VWR BHD Prolabo 
 Ethanol 96%: VWR BHD Prolabo 
 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) 97%: Sigma-Aldrich, 
Germany 
 Olive polyphenol (OPP): Lundoliv P1100 
 Oregano oil absolute: Sigma-Aldrich, Germany 
 Rosemary oil absolute: Sigma-Aldrich, Germany 
4.5.2 Method 
The ABTS assay was performed during two days and was based on the method performed by Re, et 
al. (1998) and some modifications have been done. The ABTS protocol can be seen in Appendix 3. 
During day one 192 mg 2,2’-azino- bis-3- ethylbenzothiazoline-6- sulfonic acid diammonium salt 
(ABTS) was weighed and put in a 50 mL volumetric flask, to which Milli-Q water was added. Next, 
3.78 g potassium persulfate was weighed and put in a 100 mL volumetric flask to which Milli-Q water 
was added. From these two solutions, 88 uL potassium persulfate and 5 mL ABTS were mixed 
together and stored during 16 h in the dark at room temperature.  
Day two, an acetate buffer solution was prepared by measuring 2.9 mL acetic acid and weighing 4.1 g 
anhydrous sodium acetate in two separate 250 mL volumetric flasks, which were filled up with water.  
Then, 37 mL of the acetic acid solution and 88 mL of the sodium acetate solution were mixed in a 250 
mL volumetric flask to which 125 mL water was added. The ABTS from day one was then mixed with 
the acetate buffer to obtain an absorbance between 0.68-0.72 after subtracting the absorbance for 
water. 1.5 mL ABTS was mixed with approximately 110 mL acetate buffer.  
The standard solutions were prepared with 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 
(Trolox), where 62.57 mg powder was put in a 50 mL volumetric flask which was then filled up with 
ethanol. Trolox was then diluted with Milli-Q water to obtain concentrations of 0, 25, 50, 100, 150, 
200 µM. The standard curve can be seen in Figure 9. The OPP powder and oregano oil were prepared 
in Milli-Q water to achieve concentrations of 50, 100 and 200 ppm polyphenol. Rosemary oil was not 
diluted. Finally, 200 µL of the standard solutions and the antioxidants were mixed with 2 mL ABTS 
reagent and the absorbance was measured at 734 nm after exactly 3 min.  
The antioxidants needed to be diluted since they caused a complete decolouring of the ABTS•+. A 
dilution of 1:2, 1:4 and 3:20 for 50, 100 and 200 ppm respectively was needed to get an absorbance 
within the standard curve. All measurements were performed in triplicates.  
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Figure 9. Standard curve of Trolox for the calculation of the antioxidant capacity.  
The % inhibition was calculated with Equation 10. 
                      
                                        
                   
                  Equation 10 
Where blank is the absorbance for diluted ABTS reagent. The absorbance for pure water should be 
subtracted from all absorbance measurements.  
The concentration of Trolox equivalents (TE) in the samples was determined by Equation 11.      
               
              
 
                                                                                           Equation 11 
Where m = y-abscissa of standard curve, k =slope of a standard curve. The results is expressed as µM 
TE. 
4.6 FRAP assay 
4.6.1 Material 
 Spectrophotometer: Cary 50 Bio UV-Vis, VARIAN  
 Disposable cuvettes 1,5ml: Plastibrand Germany 
 Eppendorff tubes 2ml 
 Tris(2-pyridyl)- s-triazidine (TPTZ) minimum 98%: Sigma-Aldrich, Germany  
 Sodium acetate anhydrous:  Sigma-Aldrich, Germany 
 Acetic acid Glacial 99+%: VWR BHD Prolabo 
 Hypochloric acid fuming 37%: VWR BHD Prolabo  
 Ferric Chlorid Hexahydrate: Sigma-Aldrich, Germany 
 6 hydroxy-2,5,7,8- tetramethylchroman-2- carboxylic acid 97% (Trolox): Sigma-Aldrich, 
Germany 
 Ethanol 96 %: VWR BHD Prolabo 
 Olive polyphenol (OPP): Lundoliv P1100 
 Oregano oil absolute: Sigma-Aldrich, Germany 
4.6.2 Method 
This method is based on the assay performed by Benzie and Strain (1996) and some modifications 
have been made. The FRAP protocol can be seen in Appendix 4. To produce the FRAP reagent, three 
solutions were prepared. Sodium acetate buffer solution was made by weighing 0.49 g sodium 
acetate, then adding 4 mL glacial acetic acid which was filled up with Milli-Q water to 250 mL. Tris(2-
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pyridyl)- s-triazidine (TPTZ) solution was made by weighing 0.312 g TPTZ in a 100 mL volumetric flask 
to which 40 mM HCl was added. The third solution, ferric chloride hexahydrate (Fe3+) solution, was 
prepared by weighing 0.54 g ferric chloride hexahydrate in a 100 mL volumetric flask, which was 
filled up with Milli-Q water. From these three solutions, the FRAP reagent was prepared in the ratio 
10:1:1 (v/v). The FRAP reagent was stored in a water bath at 37 oC until use.  
The standard solutions were prepared with 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 
(Trolox), 62.57 mg powder was put in a 50 mL volumetric flask which was then filled up with ethanol. 
Trolox was then diluted with Milli-Q water to obtain concentrations of 100, 250, 500, 750, 1000 µM. 
The standard curve can be seen in Figure 10. The OPP powder and the oregano oil were prepared in 
Milli-Q water to achieve concentrations of 50, 100 and 200 ppm polyphenol and this was done in 
triplicates. Oregano oil was also prepared in 400 and 800 ppm.  
 
Figure 10. Standard curve of Trolox for the calculation of the antioxidant capacity 
From the standard solutions and the samples, 50 µL was transferred to a cuvette to which 1.5 mL 
FRAP reagent and 150 µL Milli-Q water was added. After 4 min exactly, the absorbance was 
measured at 593 nm.  The concentration of Trolox equivalents (TE) in the samples was determined by 
Equation 12. 
  
            
 
                                                                            Equation 12 
Where m = y-abscissa of standard curve, k =slope of a standard curve. The results are expressed as 
µM TE. 
4.7 Meatballs with antioxidants 
4.7.1 Material 
 Rapeseed oil: Zeta 
 Hot plate: Schott ceran 
 Frying pan 
 Thermometer: Type-K thermocouple  
 Scale: Mettler Toledo PB1502-S 
 Plastic bags, polyethylene  
 Minced pork and beef meat: Atria AB 
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4.7.2 Method 
Minced pork and beef with 2 % salt and 10 % fat was prepared with OPP powder and oregano oil. 
The antioxidants were added to the meat in concentration of 100 and 200 ppm polyphenol. The meat 
was then mixed by hand to get the antioxidants evenly distributed in the meatballs. The meatballs 
had a final weight of 15 ± 0.1 g. All meatballs were pan-fried in rapeseed oil. The temperature in the 
pan was 175 °C and the internal temperature in the meatballs reached 72 °C. After the cooking 
process, the meatballs were placed on paper towels to let the oil drip off. To determine the total loss 
during frying, all meatballs were weighed again after frying, when cooled down to room 
temperature. The meatballs were then stored in sealed polyethylene plastic bags in a refrigerator at 
4 °C for 14 days. After storage the meatballs were tested with TBAR assay, following the same 
protocol as for meatballs without antioxidants, see Appendix 1. Total loss, water loss and fat loss was 
also measured in the same way as for the meatballs without antioxidants.   
4.8 Sensory testing 
The aim of the sensory analysis was to evaluate if the added 
antioxidants had an effect on the sensory attributes of the 
meatballs, such as colour, compactness, meat taste, off-
flavour and total impression. The sensory analysis was 
performed at the university with six assessors, whom tasted 
ten different meatball samples: P control, P OPP100 and 200, P 
Ore100 and 200, B control, B OPP100 and 200, B Ore100 and 
200. The meatball samples were stored for two weeks before 
being analysed. All meatballs were divided into two pieces and 
placed on marked paper plates. The meatballs were heated in 
the microwave, at 800 W for 60 seconds, before the tasting. 
Each plate contained five samples with randomized three digit 
numbers, see Figure 11, and each participant received two plates. Water was served with the tasting. 
Each sample was evaluated from a scale 1-9 for the five attributes mentioned above (1=low or light 
and 9 = high or dark). The sensory evaluation form can be seen in Appendix 5. 
4.9 Statistical analysis 
The results from the experiments were statistically analyzed with ANOVA (Analysis of variance) and 
PCA (Principal Component Analysis) using Minitab 14. Comparison between averages was performed 
using two-tailed t-test with p<0.05 for two-sample with equal variance. When analyzing with ANOVA- 
General linear model and main effects plot with p<0.05 were used. To correlate all the parameters, a 
multivariate factor analysis was performed with PCA, resulting in loading and score plots.  
  
Figure 11. Five out of ten meatballs tasted in 
the sensory analysis. 
29 
 
5.0 Results 
5.1 Meatballs without antioxidants 
5.1.1 Total loss, water loss and fat loss 
When comparing the water content in raw meat, in Figure 12, the samples with 10 % fat has 
significantly higher content than samples with 20 % fat (p<0.05). The same pattern can be seen for 
both pork and beef. There is no significant difference in water content between raw meat from pork 
and beef with the same salt and fat content, meaning for e.g. that the water content in P 2/10 is not 
significantly different from B 2/10 (p>0.05). Both pan-fried and deep fat fried meatballs have 
significantly lower water content than raw meat (p<0.05). The difference between pan-fried and 
deep fat fried meatballs is just significant in three cases, P 4/20, B 2/10 and B 4/10, where the deep 
fat fried meatballs have lower water content (p<0.05). For raw data, see Table 4 in Appendix 6. 
 
Figure 12. Water content (%) in raw meat, pan-fried meatballs and deep fat fried meatballs. A two-tailed T-test α=5% 
between water content results, n=3. 
a-c
Means for raw meat having the same letter are not significantly different 
(p>0.05). 
k-n
Means for pan-fried meatballs having the same letter are not significantly different (p>0.05). 
w-z
Means for 
deep fat fried meatballs having the same letter are not significantly different (p>0.05). Means within the same category 
of meat marked with (●) are not significantly different (p>0.05).  
Total weight loss, water loss and fat loss for pan-fried and deep fat fried meatballs can be seen in 
Figure 13 and 14, respectively. The raw data can be seen in Table 5 and 6 in Appendix 6. For pan-fried 
meatballs, beef have slightly higher total weight loss than pork. When comparing the water loss, the 
categories with 4 % salt have generally lower water loss than the categories with 2 % salt (p<0.05). 
However, this is not the case for beef with 20 % fat. The fat loss is generally higher in beef meatballs, 
B 4/20 has significantly higher fat loss than B 2/20, which in turn has higher than B 4/10 (p<0.05). P 
2/10 and P 4/20 gained fat instead of losing it.  
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Figure 13. Total weight loss, water loss and fat loss of pan-fried meatballs (%). A two-tailed T-test α=5% between results, 
n=3. 
a-c
Means for total weight loss having the same letter are not significantly different (p>0.05). 
k-l
Means for water loss 
having the same letter are not significantly different (p>0.05). 
u-z
Means for fat loss having the same letter are not 
significantly different (p>0.05).  
For deep fat fried meatballs, in Figure 14, beef meatballs have an overall higher total weight loss than 
pork, the same pattern was shown for pan-fried meatballs in Figure 13 above. When comparing 
water loss, P 4/10 has significantly lower water loss than the rest (p<0.05). As for pan-fried meatballs, 
beef have generally higher fat loss than pork meatballs. P 2/10, P 4/10, P 4/20 and B 2/10 gained fat 
instead of losing it.  
 
Figure 14. Total weight loss, water loss and fat loss of deep fat fried meatballs (%). A two-tailed T-test α=5% between 
results, n=3. 
a-e
Means for total weight loss having the same letter are not significantly different (p>0.05). 
k-m
Means for 
water loss having the same letter are not significantly different (p>0.05). 
x-z
Means for fat loss having the same letter are 
not significantly different (p>0.05).  
In figure 15, the main effects plot for (a) total weight loss (TL), (b) water loss (WL) and (c) fat loss (FL) 
of pan-fried and deep fat fried meatballs can be seen. Beef meatballs have significantly higher total 
weight loss, water loss and fat loss than pork with a significance level of p<0.01. The higher salt 
concentration, 4 %, has significantly lower water loss, but significantly higher fat loss. However, the 
total weight loss is not significantly different between the two salt concentrations. Meatballs with 20  
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% fat have significantly higher losses than meatballs with 10 % fat with a significance level of 0.01. 
The fat loss is not dependent on the way of cooking. However, when deep-frying the meatballs, they 
have more total weight loss and water loss.  
All parameters, except the salt content, have strong impact on the total weight loss. The strongest 
impact is from the type of meat (F value: 202). The parameter with strongest impact on the water 
loss is the way of cooking (F value: 247). For fat loss, the most important parameter is the type of 
meat (F value: 225), followed by the fat content (F value: 111). 
 
The end fat content (%), after frying the meatballs, is shown in Figure 16. Raw data and calculations 
can be seen in Table 7 and 8 in Appendix 6. When comparing meatballs with the same salt and fat 
content but with different types of meat, pork meatballs have significantly higher end fat content 
than beef (p<0.05). The fat content increases in pork meatballs when cooking, both in meatballs with 
initially 10 and 20 % fat. The end fat content is lower than the initial fat content for most of the beef 
meatballs. The calculations are based on the “real” initial fat content and not 10 and 20 %. For 
meatballs with the higher fat content, the difference between pork and beef is not big, 21.3 and 21.4 
% respectively. However, for the meatballs with the lower fat content, pork had initially 10.7 % fat 
and beef 9.2 %. This must be taken into consideration when comparing the results between pork and 
beef.  
p<0.01 
n.s. 
n.s. 
 
Figure 15. Main effects plots of (a) total weight loss 
(TL) R
2
=77.3 %, (b) water loss (WL) R
2
=68.0 %,  and (c) 
fat loss (FL) R
2
=71.4 %, in cooked meatballs (ANOVA – 
General Linear Model). Meat 1= pork, meat 2= beef, 
salt 2= 2 % salt, salt 4= 4 % salt, fat 10= 10 % fat, fat 
20= 20 % fat, cooking 1= pan-fried and cooking 2= deep 
fat fried. p<0.01 is significantly different with a 
significance level of 0.01, while n.s. is not significant 
different with a significance level of 0.05.  
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Figure 16. End fat content (%) in pan-fried and deep fat fried meatballs. A two-tailed T-test α=5% between water content 
results, n=3. 
a-d
Means for pan-fried meatballs having the same letter are not significantly different (p>0.05). 
v-z
Means for 
deep fat fried meatballs having the same letter are not significantly different (p>0.05). Means within the same category 
of meat marked with (●) are not significantly different (p>0.05). 
5.1.2 TBAR assay 
The results from the TBAR assay can be seen in Figure 17 - 20. The first figures, Figure 17 and 18, 
show the TBAR value in µM MDA/ g meatball for pan-fried and deep fat fried meatballs respectively. 
Figure 19 is a combination of Figure 17 and 18. In Figure 20, the results are displayed in µM MDA/ g 
fat. Raw data and calculations can be seen in Table 9-20 in Appendix 6. 
In Figure 17, the TBAR values for differently stored pan-fried meatballs are shown. The TBAR value 
increases significantly (p<0.05) with storage from day 1 to day 14, except for B 4/10 and B 4/20, 
marked with (●). At day 1, all pork meatballs have significantly (p<0.05) higher lipid oxidation than 
beef meatballs, this is not the case at day 7 and 14. B 2/10 deviate from the pattern, instead of 
having lower lipid oxidation than pork meatballs, the TBAR value is the same or higher than for the 
pork meatballs after 7 and 14 days of storage.  
 
Figure 17. TBAR value (µM MDA/ g meatball) for pan-fried meatballs, results from day 1, 7 and 14. A two-tailed T-test 
α=5% between TBAR results, n=3. 
a-d
Means for meatballs, stored for 1 day,  having the same letter are not significantly 
different (p>0.05).   
k-n
Means for meatballs, stored for 7 days, having the same letter are not significantly different 
(p>0.05). 
v-z
Means for meatballs, stored for 14 days, having the same letter are not significantly different (p>0.05). Means 
within the same category of meat having (●) are not significantly different.  
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In Figure 18, the TBAR values for deep fat fried meatballs are shown. The TBAR value increases 
significantly (p<0.05) with storage from day 1 to day 7. The values continue to increase to day 14 for 
half the categories, no significant increase for P 4/20, B 4/10, B 2/20 and B 4/20, marked with (●). 
Pork meatballs have significantly higher lipid oxidation than beef for all three storage times (p<0.05). 
The highest lipid oxidation is measured in P 2/20 which has been stored for 14 days.   
 
Figure 18. TBAR value (µM MDA/ g meatball) for deep fat fried meatballs, results from day 1, 7 and 14. A two-tailed T-
test α=5% between TBAR results, n=3. 
a-c
Means for meatballs, stored for 1 day, having the same letter are not 
significantly different (p>0.05). 
k-o
Means for meatballs, stored 7 days, having the same letter are not significantly 
different (p>0.05).   
u-z
Means for meatballs stored for 14 days, having the same letter are not significantly different 
(p>0.05). Means within the same category of meat having (●) are not significantly different.  
Figure 19 is a combination of Figure 17 and 18 and here it is easier to compare the TBAR values 
between pan-fried and deep fat fried meatballs. The most important things to compare in Figure 19 
are the highest TBAR values, since the meatball with highest lipid oxidation will be selected and 
treated with antioxidants. The highest TBAR value for deep fat fried meatballs is P 2/20 stored for 14 
days, which can also be seen in Figure 18 above. For pan-fried meatballs the highest TBAR value is 
measured for B 2/10 stored for 14 days, however it is not significant higher than P 2/20. When 
comparing the highest TBAR value for pan-fried and deep fat fried, they are not significantly different 
(p>0.05), marked with ●.  
 
Figure 19. TBAR value (µM MDA/ g meatball) for fan-fried and deep fat fried meatballs (a combination of figure 17 and 
18), results from day 1, 7 and 14. Means having (●) are not significantly different (p>0.05).  
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With the TBAR method, lipid oxidation is measured and therefore it is interesting not only to 
compare the TBARS value per g meatball but also TBAR value per g end fat content in the meatball 
after cooking, see Figure 20. The TBAR results indicate that meatballs with initially 20 % fat have 
lower lipid oxidation per g fat than the meatballs with initially 10 % fat from the same type of meat. 
All TBAR values are divided with the end fat content and consequently the meatballs with more end 
fat are divided by a higher number, resulting in lower TBAR value/ g fat. Pan-fried B 2/10 stored for 7 
and 14 days have the highest TBAR value/ g fat.  
 
Figure 20. TBAR value (µM MDA/ g fat) for pan-fried and deep fat fried meatballs.  
In figure 21, the main effects plot for (a) TBAR per g meatball and (b) TBAR per g fat can be seen. 
When comparing TBAR value per g meatball (a), pork has significantly higher TBAR values than beef  
and those with 2 % salt have significantly more lipid oxidation than meatballs with 4 % salt (p<0.01). 
The lipid oxidation increases significantly with increased storage time, with significance level 0.01. 
The TBAR values are somewhat higher for pan-fried meatballs compared to deep fat fried (p<0.05). 
The initial fat content in the meatballs do not affect the lipid oxidation. The parameter with strongest 
impact on the lipid oxidation is the type of meat (F value: 207), closely followed by storage time.   
When instead comparing the TBAR value per g fat in the meatballs (b), all parameters, except salt 
content, are significantly influencing the lipid oxidation with significance level of p<0.01. The 
difference from Figure (a) is that now the initial fat content has a significant impact on the TBAR 
value. Meatballs with initially 10 % fat have more lipid oxidation than meatballs with 20 % fat, 
comparing per g fat. The initial fat content is the parameter with the strongest impact (F value: 110), 
closely followed by storage time.  
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Figure 21. Main effects plots of (a) TBARS per g meatball R2=76.0 % and (b) TBARS per g fat R2=61.0 % (ANOVA – General Linear 
Model). Meat 1= pork, meat 2= beef, salt 2= 2 % salt, salt 4= 4 % salt, fat 10= 10 % fat, fat 20= 20 % fat, cooking 1= pan-fried, 
cooking 2= deep fat fried, storage 1= 1 day, storage 7= 7 days and storage 14= 14 days. p<0.01 is significantly different with a 
significance level of 0.01, p<0.05 is statistically significant different with a significance level of 0.05, while n.s. is not significant 
different with a significance level of 0.05. 
The first aim with this report was to find the meatball with highest lipid oxidation and, later on, 
produce new meatballs with the antioxidants added. It is still interesting to compare if pork and beef 
meatballs are affected the same way when antioxidants are added to them. The other parameters, 
including: cooking process, storage time and the salt and fat content, were decided to be the same 
for both pork and beef when doing those experiments. Finally, pan-fried B 2/10 and P 2/10 stored for 
14 days were chosen. Because, the TBARS value increased with storage time and B 2/10 is the pan-
fried beef meatball with the highest lipid oxidation. Additionally, P 2/10 is one of the pan-fried pork 
meatballs with highest the lipid oxidation.   
To detect possible relations between losses, the end fat weight and TBAR values the statistical 
procedure of PCA (principle component analysis) was used. In Figure 22, the loading plot (a) and the 
score plot (b) are presented. In the loading plot, the parameters that are placed near to each other 
are positively correlated, whereas those that are negatively correlated are placed opposite to each 
other. The total weight loss (TL), water loss (WL) and fat loss (FL) are positively correlated and 
dominate PC1, whereas PC2 is governed mainly by the end fat content. The fat loss (FL) is negatively 
correlated to the TBAR values. So, meatballs with low fat loss (FL) have greater lipid oxidation per g 
meatball than meatballs with high fat loss. The first and the fourth quadrant (in Figure 22 b) give 
preferentially scores from beef, whereas the second and the third quadrant, having higher lipid 
oxidation, the scores from pork are situated except for B 2/10 pan-fried.  
 
Figure 22. Principal Component Analysis of pork and beef meatballs (a) loading plot and (b) score plot. Degree of explanation: 
first factor= 48.4 % and second factor= 23.4 %. 
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5.2 Antioxidants 
5.2.1 Folin-Ciocalteu 
The average result of polyphenols content in the oregano oil was 67.4 ± 0.5 g/ 100 g oil, which 
matches with the specification of Sigma-Aldrich that is 60-75 %. The result for olive polyphenol 
powder was 9.9 ± 0.1 g/ 100 g powder, which also matches with the specification of the producer, 
Lundoliv P 1100, that is 10.1 ± 1 g/ 100g. Both oregano oil and OPP were diluted in water during the 
experiment. The rosemary oil has been tested in different ways, both diluted in water, methanol and 
ethanol. In all three cases the absorbance was lower than the lowest value of the standard curve. 
Finally the measurement was performed with pure oil and the average result for the rosemary oil 
was 0.0047 ± 0.0004 g/ 100g. No specification from the producer can be found. Raw data and 
calculations can be seen in Table 21 in Appendix 6. 
5.2.2 ABTS assay and FRAP assay 
The results from ABTS and FRAP assay are displayed in µM Trolox equivalents (TE) Figure 23. Raw 
data and calcutaions can bee seen in Table 22 and 23 in Appendix 6.  In Figure 23, Both the ABTS and 
FRAP values increases significantly with increased concentraiotn of polyphenols (p<0.05), except for 
the FRAP values for oregano oil with 50 and 100 ppm. When comparing the same concentraion of 
polyphenols, OPP has both higher ABTS and FRAP values than the corresponding values for oregano 
oil. Since the FRAP values for oregano oil did not increase much when increasing the concentrations 
from 50 to 200 ppm, it was decided to also test 400 and 800 ppm.  
Pure rosemary oil was tested with the ABTS assay, but the absorbance was out of the range for the 
standard curve and therefore it was not possible to calculate the ABTS value in µM TE. Rosemary oil 
was not neither tested with the FRAP assay, nor added to the meatballs.  
 
Figure 23. ABTS and FRAP values (µM TE) for OPP and oregano oil in concentrations of 50, 100 and 200 ppm polyphenols. 
FRAP values for oregano is also displayed in 400 and 800 ppm. A two-tailed T-test α=5% between water content results, 
n=3.   
a-f
Means for ABTS values having the same letter are not significantly different (p>0.05). 
u-z
Means for FRAP values 
having the same letter are not significantly different (p>0.05).  
The main effects plot can be seen in Figure 24, where the influence of the two antioxidants and the 
concentration of these can be compared. OPP have significantly better antioxidative capacity than 
oregano oil, both when comparing ABTS and FRAP values (p<0.01). There is a significant increase in 
radical scavenging activity (ABTS) and the ferric reducing capacity (FRAP) when increasing the 
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concentrations of polyphenols from 50 ppm to 100 ppm and finally to 200 ppm (p<0.01). The 
concentration has largest impact on ABTS, while the type of antioxidant has largest impact on FRAP.  
 
Figure 24. Main effects plots of (a) ABTS R
2
=99.5 % and (b) FRAP values R
2
= 81.7 % (µM TE). (ANOVA – General Linear 
Model). Antioxidant 1= OPP, Antioxidant 2= oregano, ppm 50= 50 ppm, ppm 100= 100 ppm and ppm 200= 200 ppm. 
p<0.01 is significantly different with a significance level of 0.01.  
5.3 Meatballs with antioxidants 
5.3.1 Total loss, water loss and fat loss 
Total weight loss, water loss and fat loss for pan-fried pork and beef meatballs without antioxidants 
(control) and with OPP or oregano oil can be seen in Figure 25. The raw data can be seen in Table 24 
in Appendix 6. Beef meatballs have significantly higher (p<0.05) total weight loss and water loss 
compared to pork meatballs. When comparing the fat loss, pork meatballs have significantly lower 
loss than pork meatballs, except for OPP100. The addition of antioxidants does not seem to have any 
substantial impact on the fat, water and total loss when pan-frying.  
 
Figure 25. Total weight loss, water loss and fat loss (%) of pork and beef meatballs, with OPP and oregano oil and a 
control without antioxidants. A two-tailed T-test α=5% between results, n=3. 
a-d
Means for total weight loss having the 
same letter are not significantly different (p>0.05). 
k-p
Means for water loss having the same letter are not significantly 
different (p>0.05). 
w-z
Means for fat loss having the same letter are not significantly different (p>0.05). 
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In Figure 26, the general linear model for (a) total weight loss, (b) water loss and (c) fat loss can be  
seen. Beef meatballs have significantly greater total weight loss, water loss and fat loss compared to  
pork meatballs (p<0.01). The type of meat is the parameter with strongest impact on all losses, with  
higher F value than the other parameters.  
5.3.2 TBAR assay 
In Figure 27 the TBAR values (µM MDA/ g meatball) for meatballs with antioxidants are compared to 
a sample without antioxidants, raw data Table 25 in Appendix 6. The control samples, for both pork 
and beef, have significantly higher lipid oxidation than the samples with antioxidants (p<0.01). 
Meatballs with 200 ppm OPP had the least lipid oxidation and meatballs with 100 ppm OPP were 
second best. The same pattern can be seen for meatballs with oregano oil but for this oxidation the 
reduction in lipid oxidation is less. When comparing the TBAR values for beef with pork for the same 
amount of antioxidant added, either it was the same or in the beef the lipid oxidation was not 
reduced to the same extent.   
 a 
 
Figure 26. Main effects plots of a) total weight loss 
(TL), R
2
= 86.8 %, b) water loss (WL), R
2
= 74.0 %, and c) 
fat loss (FL), R
2
= 82.6 %, in cooked meatballs with 
antioxidant (ANOVA – General Linear Model). Meat 1= 
pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= 
Oregano oil, ppm 0= 0 ppm, ppm 100= 100 ppm and 
ppm 200= 200 ppm. p<0.01 is statistically significant 
different with a significance level of 0.01 and p<0.05 is 
significantly different with a significance level of 0.05, 
while n.s. is not statistically significant different with a 
significance level of 0.05.  
 
p<0.01 p<0.05 
p<0.01 
p<0.01 n.s. 
n.s. 
p<0.01 
p<0.01 
n.s. 
 b 
 c 
39 
 
 
Figure 27. TBAR value (µM MDA/ g meatball) for meatballs with antioxidants and a control sample without antioxidants. 
A two-tailed T-test α=5% between TBAR results, n=3. 
a-g
Means for meatballs having the same letter are not significantly 
different (p>0.05).  
In Figure 28 the TBAR values, in µM MDA/ g fat, for meatballs with antioxidants are compared to 
meatballs without antioxidants, raw data Table 26 in Appendix 6. When comparing each 
concentration of antioxidant, beef have significantly higher lipid oxidation than pork meatballs 
(p<0.05).  Meatballs with 200 ppm antioxidant have least lipid oxidation, followed by meatballs with 
100 ppm and the control has most lipid oxidation. OPP in 200 ppm is the meatball with least lipid 
oxidation for both beef and pork.  
 
Figure 28. TBAR value (µM MDA/ g fat) for meatballs with antioxidants and a control sample without antioxidants. A 
two-tailed T-test α=5% between TBAR results, n=3. 
a-h
Means for meatballs having the same letter are not significantly 
different (p>0.05).  
The general linear model for TBAR values per g meatball (a) and per g fat (b) can be seen in Figure 29. 
When comparing the TBAR values per g meatball, there are no significant differences in lipid 
oxidation between beef and pork meatballs. However, when comparing the TBAR values per g fat, 
beef have significantly higher lipid oxidation than pork (p<0.01). There are significant differences 
between the two antioxidants and also between the concentrations of these antioxidants. Meatballs 
with OPP have significantly lower lipid oxidation than meatballs with oregano oil (p<0.01), both when 
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comparing per g meatball and per g fat. The parameter with largest impact on the lipid oxidation is 
the concentration of the antioxidant. The lowest amount of lipid oxidation is found in meatballs with 
200 ppm antioxidant.  
 
Figure 29.  Main effects plots of (a) TBARS per g meatball, R
2
= 88.8 % and (b) TBAR per g fat, R
2
= 85.5 % (ANOVA – 
General Linear Model). Meat 1= pork, meat 2= beef, antioxidant 1= OPP and antioxidant 2= oregano oil. p<0.01 is 
significantly different with a significance level of 0.01, while n.s. is not significant different with a significance level of 
0.05.  
To detect possible relations between losses, end fat content and TBAR values, a PCA was done. In 
Figure 30 the loading plot (a) and the score plot (b) are presented. The total weight loss (TL), water 
loss (WL) and fat loss (FL) are positively correlated and dominate PC1, whereas PC2 is governed 
mainly by TBAR. In the score plot, the meatballs with highest losses, beef meatballs, are placed to the 
right in the graph. 
 
Figure 30. Principal Component Analysis of pork and beef meatballs with antioxidants (a) loading plot and (b) score plot. 
Meat 1= pork, meat 2= beef, antioxidant 0= no antioxidant, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 
ppm, ppm 100= 100 ppm and ppm 200= 200 ppm. Degree of explanation: first factor= 46.1 % and second factor= 31.6 %. 
5.3.3 Sensory analysis  
During the sensory analysis, five parameters were judged by assessors: colour, compactness, meat 
taste, off-flavour and total impression, see Evaluation form in Appendix 5 and results in Table 27 in 
Appendix 6. In Figure 31 (a) a histogram of the results from colour judgement can be seen and in (b) 
the main effect plot for colour. Beef meatballs have a significant darker colour compared to pork 
meatballs (p<0.01). The antioxidants have no impact on the colour of the meatballs.  
p<0.01 
p<0.01 
  b   a 
n.s. p<0.01 p<0.01 
p<0.01 
 a  b 
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Figure 31. Results from colour judgement of the sensory analysis, R
2
= 88.8 %, (a) panel marks (b) main effect plot. Meat 
1= pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 ppm, ppm 100= 100 ppm and ppm 200= 
200 ppm. p<0.01 is significantly different with a significance level of 0.01 and n.s. is not significantly different with a 
significance level of 0.05.  
In Figure 32 (a) a histogram of the results from compactness can be seen and in (b) the main effect 
plot. Beef meatballs are significantly more compact than pork meatballs (p<0.01). The antioxidants 
have no impact on the compactness of the meatballs. 
 
Figure 32. Results from compactness from the sensory analysis, R
2
= 61.9 %, (a) panel marks (b) main effect plot. Meat 1= 
pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 ppm, ppm 100= 100 ppm and ppm 200= 
200 ppm. p<0.01 is significantly different with a significance level of 0.01 and n.s. is not significantly different with a 
significance level of 0.05.  
The evaluation of the meat taste can be seen in Figure 33, (a) a histogram of the results from the 
panel and (b) the main effect plot. There are no significant differences between pork and beef 
meatballs when evaluating the intensity of the meat taste. Meatballs with OPP have a more intense 
meat taste than meatballs with oregano oil (p<0.01), but the F value is rather low (F value: 12). 
Meatballs with 100 ppm antioxidant have a more intense meat taste than both meatballs without 
antioxidant and meatballs with 200 ppm antioxidant.  
  b   a 
  a   b 
  n.s. 
  n.s. 
p<0.01 
p<0.01 n.s. 
  n.s. 
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Figure 33. Results from meat taste from the sensory analysis, R
2
= 25.1 %, (a) panel marks (b) main effect plot. Meat 1= 
pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 ppm, ppm 100= 100 ppm and ppm 200= 
200 ppm. p<0.01 is significantly different with a significance level of 0.01 and n.s. is not significantly different with a 
significance level of 0.05.  
The evaluation of the off-flavour can be seen in Figure 34, (a) a histogram of the results from panel 
and (b) the main effect plot. There are no significant differences between pork and beef meatballs 
when evaluating the off-flavour in the meatballs. Meatballs with oregano oil have a significant higher 
off-flavour than meatballs with OPP (p<0.01), but the F value is rather low (F value: 19). Meatballs 
with 200 ppm antioxidant have most off-flavour and meatballs without antioxidant least (p<0.01), 
however, the F value is low (F value: 7). 
 
Figure 34. Results from off-flavour from the sensory analysis, R
2
= 30.1 %, (a) panel marks (b) main effect plot. Meat 1= 
pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 ppm, ppm 100= 100 ppm and ppm 200= 
200 ppm. p<0.01 is significantly different with a significance level of 0.01 and n.s. is not significantly different with a 
significance level of 0.05.  
In Figure  35 (a) a histogram of the results from total impression of the meatballs can be seen and in 
(b) the main effect plot.  The total impression of the meatballs is higher for pork than beef (p<0.01), 
but the F value is rather low (F: 8). The antioxidants have no impact on the total impression of the 
meatballs. 
  a   b 
  a   b 
p<0.01 
p<0.01 
   n.s. 
p<0.01 
p<0.01 
 n.s. 
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Figure 35. Results from total impression from the sensory analysis, R
2
= 10.8 %, (a) panel marks (b) main effect plot. Meat 
1= pork, meat 2= beef, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 0 ppm, ppm 100= 100 ppm and ppm 200= 
200 ppm. p<0.01 is significantly different with a significance level of 0.01 and n.s. is not significantly different with a 
significance level of 0.05.  
To detect possible relations between sensory attributes and TBAR results, a PCA was conducted. In 
Figure 36 the loading plot (a) and the score plot (b) are presented. The compactness and colour of 
the meatball are positively correlated, and dominates PC1. These two attributes are negatively 
correlated to the total impression. The intensity of the meat taste is negatively correlated to the off-
flavour. The score plot, comparing type of meat, antioxidant and concentration of antioxidants, 
confirms that beef meatballs are darker and more compact than pork meatballs. Beef meatballs are 
placed in the first and fourth quadrant whereas the second and third quadrant, having higher total 
impression, the scores for pork are situated.  
The TBAR values are placed in the middle of the loading plot, thereby indication that the TBAR values 
do not influence the sensory properties so much. This observation suggests that the meatballs were 
not so rancid that it started to dominate the sensory impressions. In the third quadrant are those 
meatballs placed with highest off-flavour and there we find the meatballs with oregano oil added, 
which suggest that oregano oil itself gives rise to an off- flavour.  
 
Figure 36. Principal Component Analysis of sensory attributes of pork and beef meatballs (a) loading plot and (b) score 
plot. Meat 1= pork, meat 2= beef, antioxidant 0= no antioxidant, antioxidant 1= OPP, antioxidant 2= oregano oil, ppm 0 = 
0 ppm, ppm 100= 100 ppm and ppm 200= 200 ppm. Degree of explanation: first factor= 40.0 % and second factor= 32.5 
%. 
  
  a   b 
  a   b 
p<0.01   n.s. 
   n.s. 
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6.0 Discussion 
6.1 Meatballs without antioxidants 
In this project, meatballs with different characteristics have been analyzed. Both pork and beef meat 
have been used in the production, as well as two different cooking techniques, namely pan-frying 
and deep fat frying. The salt and fat content in the meatballs has both been varied between two 
concentrations, 2 and 4 % and 10 and 20 %, respectively. As can be seen in the results, these 
parameters affect the losses during cooking and the lipid oxidation of the meatballs.  
Beef meatballs had greater total weight loss, water loss and fat loss than pork. When Clausen & 
Ovesen (2005) pan-fried pork and beef patties, beef lost more fat than pork and ground meat with 
higher fat content lost more fat than ground meat with lower fat content. Patties and meatballs have 
different shape but comparable properties. It is therefore possible to compare the two types. One 
explanation to the greater loss in beef meatballs can be that this meat contains more connective 
tissue than pork. When cooking meat, the connective tissue shrinks and the fat is squeezed out from 
the meat protein matrix, resulting in cooking and water losses (Tornberg, 2013). Meat from an older 
animal has more connective tissue and also the strength of this tissue increases due to more cross-
linkages (Warriss, 2000). Cows are normally slaughtered at an older age than pigs, thus the meat 
contains more and stronger connective tissue. 
The total weight loss, water loss and fat loss was higher for meatballs with 20 % fat compared to 
meatballs with 10 % fat. Tornberg (2013), showed that, for beef burgers, the fat losses increase with 
fat content probably due to increased instability of the fat. When frying the meat, fat channels are 
formed allowing fat to leak out. With higher fat content more of these channels are formed resulting 
in a higher fat loss.   
Meatballs with a higher concentration of salt had lower water loss, showing that the water holding 
capacity increases with an increased salt content. When adding salt, the salt soluble meat proteins 
are extracted and, to a certain degree, forming a protein gel network, entrapping water (Tornberg, 
2005). In addition, salt increases the electrostatic repulsion between the filaments causing swelling 
of the lattice spacing, thus increasing the water holding capacity (Puolanne & Halonen, 2010).  
The lipid oxidation increased significantly with storage time and was higher in pork compared to beef 
(p<0.01). As stated in the background, the amount of polyunsaturated fatty acids and the amount of 
iron have been discussed as two parameters affecting the lipid oxidation. Pork meat has larger 
quantities of polyunsaturated fatty acids but less iron than beef (Livsmedelsverket, 2016). So it seems 
that the amount of polyunsaturated fatty acids had greater impact on the lipid oxidation than the 
iron content.  
From the literature study it is suggested that lipid oxidation increases with increased salt 
concentrations (Gheisari, et al., 2010). However, this was not observed in this study, since the 
meatballs with less salt had greater lipid oxidation. One possible explanation can be that meatballs 
with more salt had a larger fat loss and thus less fat left to be oxidized. Pan-fried meatballs have 
more lipid oxidation than deep fat fried meatballs. This might be due to the longer cooking time 
needed to cook the pan-fried meatballs. The compactness of the meatball might also be a 
contributing factor. The deep fat fried meatballs were more compact and for that reason, the oxygen 
could not as easily reach the fat and oxidize it.  
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The amount of initial fat does not affect the level of lipid oxidation when comparing the TBAR values 
per g meatball. This was not as expected, since the end fat content is higher in meatballs with a 
higher initial fat content, thus containing more fat that could be oxidized. However, Utrera, et al. 
(2014) had similar results and suggested that the heme iron content had a significant role in the 
progress of lipid oxidation. In their study, the beef patties with lowest fat content had highest heme 
iron content and highest lipid oxidation. It is not only the amount of fat, but also the type of fat that 
affects lipid oxidation. The fat meat material used to increase the fat content in the meatballs might 
contain more saturated fat and less muscle phospholipids, the latter being more prone to oxidize, 
than the lean meat. When comparing the lipid oxidation per g fat, meatballs with initially 10 % fat 
have higher lipid oxidation than meatballs with 20 % fat. However, this is simply because the TBAR 
values are divided with a larger number for the meatballs with higher end fat content.  
6.2 Antioxidants 
The polyphenol content in OPP and oregano oil were 9.9 ± 0.1 g /100 g powder and 67.4 ± 0.5 g / 100 
g oil respectively, this matches the specification of the producers. When comparing the antioxidative 
capacity, OPP has both higher ABTS and FRAP values compared to the oregano oil. These results 
indicate that the composition of phenols is better in OPP than in oregano oil. The FRAP values for 
oregano oil did not increase proportionally with increased concentration. One explanation can be 
that the oil did not dissolve well in water, thus the solutions were not homogenous. 
Hernández-Herández, et al. (2009) suggested that rosemary had better antioxidative capacity 
compared to oregano oil. However, the polyphenol content for rosemary oil was <0.5 % and the 
antioxidative capacity was not detectable. It was not possible to extract polyphenols from the oil 
neither by water nor by methanol or ethanol. The rosemary oil used in this project cannot be 
considered a good antioxidant. 
6.3 Meatballs with antioxidants  
Beef meatballs have higher total weight loss, water loss and fat loss than pork meatballs. The same 
pattern was shown for the meatballs without antioxidant and was discussed above. The type of meat 
is the parameter with the largest impact on the losses. There are some differences between the 
concentrations of polyphenols when comparing total weight loss and fat loss, with 100 ppm being 
the concentration with highest losses. However, these differences are fairly small and are probably 
due to minor weighing errors or due to that the minced meat is not entirely homogenous.  
Several studies have shown that polyphenols from olives and oregano decrease lipid oxidation 
(Matos, et al., 2007; Franconi, et al., 2006; Hrncirik & Fritsche, 2005; Sanchez-Escalante, et al., 2003). 
This was also observed in this study. Both OPP and oregano oil had a good antioxidative capacity and 
decreased the lipid oxidation in the meatballs. The lipid oxidation decreases with increased amount 
of polyphenols. Additionally, meatballs with OPP had significantly lower TBAR values than meatballs 
with oregano oil. These results were expected since the antioxidative capacity increased with 
concentration and OPP had a greater antioxidative capacity (see results from ABTS and FRAP). The 
lipid oxidation decreased more in pork than in beef. Since the pork meatballs are more prone to 
oxidize, the effect of antioxidants are thus greater.  
When conducting a sensory analysis it is important to have enough panellists participating so that 
conclusions can be drawn from the results. Only six panellists were evaluating the meatballs, which is 
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less than preferred. However, it was possible to see trends in the results, despite the low number of 
participants. The panellists experienced the beef meatballs to be more compact than pork. This can 
be correlated to the higher total weight loss for beef meatballs.   
Lipid oxidation in meat is a major problem for the food industry. It causes deterioration of quality, 
with rancidity and a decrease in shelf life as two big problems (Warriss, 2000). This relationship, 
between lipid oxidation and off-flavour, was not detected by the panellists. The meatballs without 
antioxidants, P control and B control, were the meatballs with the highest lipid oxidation but not the 
meatballs with the highest off-flavour. Too many samples and too short storage time might be 
reasons why the panellist could not detect the rancid off-flavour from lipid oxidation. Another 
explanation can be that the panellists might searched for off-flavour from antioxidants instead of 
focusing on the rancidity.   The meatballs with oregano oil tasted a lot of oregano and received a high 
score for off-flavour and a low score for meat taste. Off-flavour was in this case not a taste of 
rancidity, but rather a strong oregano taste.   
To summarize, lipid oxidation increased with storage time and was higher for pork meatballs 
compared to beef meatballs. Adding antioxidants to the meatballs decreased the lipid oxidation. 
Higher concentration of polyphenols had greater impact on lowering the oxidation and OPP was 
significantly better than oregano oil. It can be concluded that by adding antioxidant the quality of 
meatballs increased.  
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7.0 Conclusion  
The aim of this master thesis was to produce different kinds of meatballs and from these, find the 
meatball that oxidized the most. Based on the results and discussion presented in this report, some 
conclusions can be drawn. Five parameters have been evaluated for their effect on lipid oxidation. 
Type of meat and storage time had the largest impact on lipid oxidation. While salt concentration 
and cooking method had moderate effects. The initial fat content did not significantly affect the level 
of lipid oxidation when comparing the TBAR values per g meatball.   
Pork meatballs were more prone to oxidize than beef, most likely due to the higher amount of 
unsaturated fat and less fat loss. With longer storage time, more lipid oxidation can take place. 
Meatballs with less salt had more lipid oxidation, probably because they lost less fat during cooking. 
Pan-fried meatballs had more lipid oxidation, probably due to longer cooking time. It is not only the 
amount of fat, but also the type of fat that affects lipid oxidation. The meatballs with higher fat 
content did not oxidize more than the meatballs with lower fat content. A reason for this can be that 
when producing the minced meat for the meatballs with higher fat content, saturated fat was added 
instead of unsaturated.  
Oregano oil contained more polyphenols than OPP. However, the composition of polyphenols was 
probably better in OPP since they showed a better antioxidative capacity. The antioxidative capacity 
increased with increased concentration. Adding antioxidants to the meatballs decreased the lipid 
oxidation in all meatballs, however more in pork. The oxidation decreased more with higher 
concentrations and OPP had a greater effect than oregano oil.  
It was possible to see trends in the sensory analysis, despite the low number of participants. The 
panellists experienced the beef meatballs to be more compact than pork. This can be correlated to 
the higher total weight loss for beef meatballs.  A consequence of lipid oxidation is creation of rancid 
off-flavour. This relation, between lipid oxidation and off-flavour, was not detected by the panellists, 
which can be due to the fact that the meatballs were not so severely rancid to be the dominating 
factor governing the off-taste. Instead, the oregano oil seemed to be more important in this aspect.  
 
 
 
 
 
 
 
 
 
  
48 
 
8.0 References  
Ahn, J., Grun, I. & Fernando, L., 2002. Antioxidant properties of natural plant extracts containing 
polyphenolic compounds in cooked ground beef. Journal of food science, 67(4), pp. 1364-1369. 
Araujo de Vizcarrondo, C., Carrillo de Padilla, F. & Martin, E., 1998. Fatty acid composition of beef, 
pork, and poultry fresh cuts, and some of their processed products. PubMed, 48(4), pp. 354-358. 
Bartosz, G., 2013. Food Oxidants and Antioxidants Chemical, Biological, and Functional Properties. 
New York: CRC Press. 
Benzie, I. & Strain, J., 1996. The ferric reducing ability of plasma (FRAP) as a measure of 'antioxidant 
power': The FRAP assay. Analytical Biochemistry, 239(1), pp. 70-76. 
Berstein, A.M., Song, M., Zhang, X.; Pan, A., Wang, M., Fuchs, C., Le, N., Chan, A., Wilett, W., Ogino, 
S., Giovannucci, E.L. & Wu, K., 2015. Processed and Unprocessed Red Meat and Risk of Colorectal 
Cancer: Analysis by Tumor Location and Modification by Time. PLoS ONE, 10(8), pp. 1-16. 
Bess, K. N., Boler, D. D., Tavárez, M. A., Johnson, H. K., McKeith, F. K., Killefer, J. & Dilger, A. C., 2013. 
Texture, lipid oxidation and sensory characteristics of ground pork patties prepared with 
commercially available salts. LWT - Food Science and Technology, 50(2), pp. 408-413. 
Bidoli, E., Franceschi, S., Talamini, R. & La Vecchia, C., 1992. Food consumption and cancer of the 
colon and rectum in north-eastern Italy.. International Journal of Cancer, 50(2), pp. 223-229. 
Botía, J. M., Ortuño, A., Benavente-García, O., Báidez, A. G., Del Río, J. A., Frías, J. & Marcos, D., 2001. 
Modulation of the biosynthesis of some phenolic compounds in Olea europaea L. fruits: Their 
influence on olive oil quality. Journal of Agricultural and Food Chemistry, 49(1), pp. 355-358. 
Buege, J. & Aust, S., 1978. Microsomal lipid peroxidation. Methods in Enzymology, Volume 52, pp. 
302-310. 
Chan, D.S.M., Lau, R., Aune, D., Vieira, R., Greenwood, D. C., Kampman, E. & Norat, T., 2011. Red and 
Processed Meat and Colorectal Cancer Incidence: Meta-Analysis of Prospective Studies. PLoS ONE, 
6(6), pp. 1-11. 
Clausen, I. & Ovesen, L., 2005. Changes in fat content of pork and beef after pan-frying under 
different conditions. Journal of Food Composition and Analysis, 18(2-3), pp. 201-211. 
Coultate, T., 2009. Food: The Chemistry of its Components. 5th ed. Cambridge : The Royal Society of 
Chemistry. 
Cross, A.J., Ferrucci, L.M., Risch, A., Graubard, B.I., Ward, M.H., Park, Y., Hollenbeck, A.R., Schatzkin, 
A. & Sinha, R., 2010. A Large Prospective Study of Meat Consumption and Colorectal Cancer Risk: An 
Investigation of Potential Mechanisms Underlying this Association. Cancer Research, 70(6), pp. 2406-
2411. 
DeJong, S. & Lanari, M. C., 2009. Extracts of olive polyphenols improve lipid stability in cooked beef 
and pork: Contribution of individual phenolics to the antioxidant activity of the extract. Food 
Chemistry, 116(4), pp. 892-897. 
49 
 
Dransfield, E., 1994. Tenderness of meat, poultry and fish. In: A. D. T. Pearson, ed. Quality Attributes 
and their Measurement in Meat, Poultry and Fish Products. London: Springer US, pp. 289-315. 
EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2011. Scientific Opinion on the 
substantiation of health claims related to polyphenols in olive and protection of LDL particles from 
oxidative damage (ID 1333, 1638, 1639, 1696, 2865), maintenance of normal blood HDL-cholesterol 
concentrations (ID 1639), maintenance of normal  blood  pressure  (ID  3781),  “anti-inflammatory  
properties”  (ID  1882),  “contributes  to  the  upper  respiratory  tract health”  (ID  3468),  “can  help  
to  maintain  a  normal  function  of  gastrointestinal  tract”  (3779),  and  “contributes  to  body 
defences  against  external  agents”  (ID  3467)  pursuant  to  Article  13(1)  of  Regulation  (EC)  No  
1924/2006. EFSA Journal, 9(4), pp. 2033-2057. 
Elkordy, A. A., 2013. Applications of Calorimetry in a Wide Context - Differential Scanning Calorimetry, 
Isothermal Titration Calorimetry and Microcalorimetry. 1st ed. Rijeka: InTech. 
Franconi, F., Coinu, R., Carta, S., Urgeghe, P.P., Ieri, F., Mulinacci, N. & Romani, A., 2006. Antioxidant 
Effect of Two Virgin Olive Oils Depends on the Concentration and Composition of Minor Polar 
Compounds. Journal of Agricultural and Food Chemistry, 54(8), pp. 3121-3125. 
Fuentes, V., Estévez, M., Ventanas, J. & Ventanas, S., 2014. Impact of lipid content and composition 
on lipid oxidation and protein carbonylation in experimental fermented sausages. Food chemistry, 
147(15), pp. 70-77. 
Geissler, C. & Singh, M., 2011. Iron, Meat and Health. Nutrients, 3(3), pp. 283-316. 
Gheisari, H. R., Møller, J. K., Adamsen, C. E. & Skibsted, L. H., 2010. Sodium Chloride or Heme Protein 
Induced Lipid Oxidation in Raw, Minced Chicken Meat and Beef. Czech Journal of Food Sciences, 
28(5), pp. 364-375. 
Gülçin, İ., Huyut, Z., Elmastaş, M. & Aboul-Enein, H., 2010. Radical scavenging and antioxidant activity 
of tannic acid. Arabian Journal of Chemistry, 3(1), pp. 43-53. 
Han, J. & Rhee, K. S., 2005. Antioxidant properties of selected Oriental non-culinary/nutraceutical 
herb extracts as evaluated in raw and cooked meat. Meat Science, 70(1), pp. 25-33. 
Hernández-Hernández, E., Ponce-Alquicira, E., Jaramillo-Flores, M. E. & Guerrero Legarreta, I., 2009. 
Antioxidant effect rosemary (Rosmarinus officinalis L.) and oregano (Origanum vulgare L.) extracts on 
TBARS and colour of model raw pork batters. Meat Science, 81(2), pp. 410-417. 
Hoyland, D. V. & Taylor, A. J., 1991. A Review of the Methodology of the 2-Thiobarbituric Acid Test. 
Food Chemistry , pp. 271-291. 
Hrncirik, K. & Fritsche, S., 2005. Relation between the Endogenous Antioxidant System and the 
Quality of Extra Virgin Olive Oil under Accelerated Storage Conditions. Journal of Agricultural and 
Food Chemistry, 53(6), pp. 2103-2110. 
 
 
50 
 
Ishikawa, S.,Tamaki, S., Ohata, M., Arihara, K. & Itoh, M., 2010. Heme induces DNA damage and 
hyperproliferation ofcolonic epithelial cells via hydrogen peroxide producedby heme oxygenase: A 
possible mechanism of heme-induced colon cancer. Molecular Nutrition & Food Research, 54(1), pp. 
1182-1191. 
Janero, D. R., 1990. Malondialdehyde and thiobarbituric acid-reactivity as diagnostic indices of lipid 
peroxidation and peroxidative tissue injury. Free radical biology & medicine, 9(6), pp. 515-540. 
Jin, G., He, L., Zhang, J., Yu, X., Wang, J. & Huang, F., 2012. Effects of temperature and NaCl 
percentage on lipid oxidation in pork muscle and exploration of the controlling method using 
response surface methodology (RSM). Food Chemistry, 131(3), pp. 817-825. 
Kanner, J., Harel, S. & Jaffe, R., 1991. Lipid Peroxidation of Muscle Food As Affected by NaCl. Journal 
of agricultural and food chemistry , Volume 391, pp. 1017-1021. 
Kodali, D. R., Fan, Z. & Debonte, L. R., 2002. Plants, seeds and oils having an elevated total 
monounsaturated fatty acid content. United States of America, Patent No. EP 1100310 A1. 
Ladikos, D. & Lougovois, V., 1990. Lipid oxidation in muscle foods: A review. Food Chemistry, 35(4), 
pp. 295-314. 
Lawrie, R., 1991. Meat Science. 5th ed. Oxford: Pergamon press. 
Livsmedelsverket, 2015. Livsmedelsverket. [Online]  
Available at: https://www.livsmedelsverket.se/matvanor-halsa--miljo/kostrad-och-matvanor/rad-
om-bra-mat-hitta-ditt-satt/kott-och-chark/ 
[Accessed 04 01 2017]. 
Livsmedelsverket, 2016. Livsmedelsdatabasen. [Online]  
Available at: http://www7.slv.se/SokNaringsinnehall 
[Accessed 16 01 2016]. 
Matos, L.C., Pereira, J. A., Andrade, P.B., Seabra, R.M. & Oliveira, M. B. P.P., 2007. Evaluation of a 
numerical method to predict the polyphenols content in monovarietal olive oils. Food Chemistry, 
102(37), pp. 976-983. 
Min, B., Cordray, J. C. & Ahn, D. U., 2010. Effect of NaCl, myoglobin, Fe(II), and Fe(III) on lipid 
oxidation of raw and cooked chicken breast and beef loin.. Journal Of Agricultural And Food 
Chemistry, 58(1), pp. 600-605. 
Min, B., Nam, K., Corday, J. & Ahn, D., 2008. Endogenous Factors Affecting Oxidative Stability of Beef 
Loin, Pork Loin and Chicken Breast and Thigh Meats. Journal of food science, 73(6), pp. 439-446. 
Nilsson, J., Pillai, D., Onning, G., Persson, C., Nilsson, A. & Åkersson, B., 2005. Comparison of the 2,2-
azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and ferric reducing anti-oxidant power (FRAP) 
methods to asses the total antioxidant capacity in extracts of fruit and vegetables. Molecular 
Nutrition and Food Research, 49(3), pp. 239-246. 
51 
 
Nissen, L. R., Byrne, D. V., Bertelsen, G. & Skibsted, L. H., 2004. The antioxidative activity of plant 
extracts in cooked pork patties as evaluated by descriptive sensory profiling and chemical analysis. 
Meat Science, 68(3), pp. 485-495. 
Obied, H., Bedgood, D. R., Prenzler, P. D. & Robards, K., 2007. Bioscreening of Australian olive mill 
waste extract: Biophenol content, antioxidant, antimicrobial and molluscidal activities. Food and 
Chemical Toxicology, 45(7), pp. 1238-1248. 
Phenoliv AB, 2016. Phenoliv. [Online] Available at: http://phenoliv.com/index.html 
[Accessed 01 03 2017]. 
Puolanne, E. & Halonen, M., 2010. Theoretical aspects of water-holding in meat. Meat science, 86(1), 
pp. 151-165. 
Rebouche, C., Wilcox, C. & Widness, J., 2004. Microanalysis of non-heme iron in animal tissues. 
Journal of Biochemical and Biophysical Methods, 58(3), pp. 239-251. 
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M. & Rice-Evans, C., 1999. Antioxidant 
activity applying an improved ABTS radical cation decolorization assay. Free Radical Biology & 
Medicine, 26(9-10), pp. 1231-1237. 
Saghir, S., Wagner, K. H. & Elmadfa, I., 2005. Lipid oxidation of beef fillets during braising with 
different cooking oils. Meat science, 71(3), pp. 440-445. 
Sanchez-Escalante, A., Djenane, D., Torrescano, G., Beltran, J.A. & Roncales, P., 2003. Antioxidant 
action of borage, rosemary, oregano, and ascorbic acid in beef patties packaged in modified 
atmosphere. Journal of food science, 68(1), pp. 339-344. 
Sardesai, V., 2012. Introduction to Clinical Nutrition. 3rd ed. NW: Taylor & Francis Group. 
Sasaki, K., Mitsumoto, M. & Kawabata, K., 2001. Relationship between lipid peroxidation and fat 
content in Japanese Black beef Longissimus muscle during storage. Meat science, 59(4), pp. 407-410. 
Schofield, P., Mbugua, D. & Pell, A., 2001. Analysis of condensed tannins: a review. Animal Feed 
Science and Technology, 91(1), pp. 21-40. 
Serrano, A., Librelotto, S., Cofrades, S., Sánchez-Muniz, F.J. &  Jiménez-Colmenero, F., 2007. 
Composition and physicochemical characteristics of restructured beef steaks containing walnuts as 
affected by cooking method. Meat science, 77(3), pp. 304-313. 
Sharp, P. & Srai, S. K., 2007. Molecular mechanisms involved in intestinal iron absorption. World 
journal of gastroenterology, 13(35), pp. 4716-4724. 
Shleikin, A. G. & Medvedev, Y. V., 2014. Role of peroxidation and heme catalysis in coloration of raw 
meat. Acta Scientiarum Polonorum. Technologia Alimentaria, 13(2), pp. 123-127. 
Sigma-Aldrich, 2016. Sigma-Aldrich. [Online]  
Available at: http://www.sigmaaldrich.com/life-science/cell-culture/learning-center/media-
expert/iron.html  
[Accessed 02 03 2017]. 
52 
 
Singleton, V., Orthofer, R. & Lamuela-Raventós, R., 1999. Analysis of Total Phenols and Other 
Oxidation Substrates and Antioxidants by Means of Folin-Ciocalteu Reagent. In: L. Packer, ed. 
Methods in enzymology. California: Academic Press, pp. 152-178. 
Sochr, J., Cinkova, K. & Svorc, L., 2014. Degradation Markers in Nutritional Products a Review. Journal 
of analytical and pharmaceutical chemistry, 1(1), p. 1005. 
Swedish Environmental Protection Agency, 2012. Food Waste quantities in Sweden 2012, Stockholm: 
Naturvårdsverket. 
Tarladgis, B., Watts, B., Younathan, M. & Dugan, L., 1960. A distillation method for the quantitative 
determination of malonaldehyde in rancid foods. Journal of the American Oil Chemists' Society, 37(1), 
pp. 44-48. 
Tornberg, E., 1996. Biophysical Aspects of Meat Tenderness. Meat Science, 43(1), pp. 175-191. 
Tornberg, E., 2005. Effects of heat on meat proteins – Implications on structure and quality of meat 
products. Meat Science, 70(3), p. 493–508. 
Tornberg, E., 2013. Engineering processes in meat products and how they influence their biophysical 
properties. Meat Science, 95(4), pp. 871-878. 
Tornberg, E., Rumpunen, K., Mattila, P., Püssa, T., Jensen, M., Seglina, D., 2015. SUSMEATPRO. 
[Online] Available at: https://sites.google.com/site/susmeatpro/home 
[Accessed 12 12 2016]. 
 
Utrera, M., Morcuende, D. & Estévez, M., 2014. Fat content has a significant impact on protein 
oxidation occurred during frozen storage of beef patties. LWT - Food science and technology, 56(1), 
pp. 62-68. 
Warriss, P. D., 2000. Meat Science: an introductory text. 1st ed. Wallingford: CABI Publishing. 
Viuda-Martos, M., Riuz-Navajas, Y., Fernandez-Lopez, J. & Perez-Alvarez, J., 2007. Chemical 
composition of the essential oils obtained from some spices widely used in Mediterranean region. 
Acta Chimica Slovenica, 54(4), pp. 921-926. 
Zabot, G. L., Moraes, M. N., Rostagno, M. A. & Meireles, M. A. A., 2014. Fast analysis of phenolic 
terpenes by high-performance liquid chromatography using a fused-core column. Analytical 
Methods, 6(18), pp. 7457-7468. 
 
  
53 
 
9.0 Appendices 
Appendix 1 
TBA assay protocol, determination of lipid oxidation 
Reagents preparations 
TBA reagent  
- Hydrochloric acid (HCl) 0.25 M is prepared by adding 4.106 mL HCl stock solution (37 %) to at least 
50 ml H2O which is then filled up to 200 mL solution. 
- 30 g trichloroacetetic acid (TCA) is weighed in a beaker and around 100 mL of HCl 0.25 M is added 
to dissolve the TCA. 
- 1.5 g of 2-thiobarbituric acid (TBA) is weighed separately and added to the solution which is then 
transferred to a volumetric flask (200 mL) and HCl 0.25 M is used to reach the 200 mL limit.  
TCA solution 10% W/W 
- Add 15 g trichloroacetetic acid (TCA) in a 150 mL volumetric flask, fill up with milli-Q water. 
TMP solution 100 µM TMP 
- Solution A: dilute 164.5 µL 1,1,3,3,tetramethoxypropane (TMP) in 100 mL milli-Q water in a 100 mL 
volumetric flask (10 000 µM TMP). 
- Solution B: dilute 1 mL of solution A in a 100 mL volumetric flask, fill up with milli-Q water. 
 
Standard curve 
Make triplicates for each concentration and 15mL plastic test tubes with screw corks should be used.  
Concentration 0 µM MDA 8 µM MDA 16 µM MDA 24 µM MDA 32 µM MDA 
Solution B 0 mL  4 mL 8 mL 12 mL 16 mL  
Milli-Q H2O 50 mL 46 mL 42 mL 38 mL 34 mL 
- Add 0.5 mL of each sample into the test tubes and add 2.5 mL of TBA reagent, vortex for 5 s.  
- Put plastic test tubes in a water bath of 90 ⁰C for 10 minutes. 
- Cool samples in tap water for 2-3 minutes. 
- Centrifuge the samples at 3600 rpm for 20 min. 
- Measure samples at 532 nm and 600 nm with a spectrophotometer. 
Meat samples 
-Weigh meatballs individually and crush the meatball thoroughly by hand and place in 50 mL tube. 
- Add 22.5ml milli-Q water and vortex each sample for 30 s. 
- Heat sample to 40 ⁰C in water bath for about 5 minutes and add 1,5 mL TCA solution, vortex for 10 s  
- Add 2 mL ethanol (96%), vortex for 10 s and let the sample rest for 5 minutes. 
- Filter the sample through Munktell Qualitative filter paper IF. 
Filtrates 
- Put 0.5 mL of filtrate in a plastic test tube of 15 mL and add 2.5 mL TBA reagent, vortex for 5 s. 
- Heat sample in 90 ⁰C water bath for 10 minutes for development of the MDA-TBA colour complex. 
- Place samples under tap water until it reaches room temperature (21-23 ⁰C) (about 4 minutes). 
- Centrifuge the samples at 3600 rpm for 20 minutes (Beckman coulter allegra 15 centrifuge). 
- Determine the absorbance at 532 nm and 600 nm (absorbance beyond and under the standard 
curve should be neglected). 
54 
 
Appendix 2 
Folin-Ciocalteu protocol, determination of polyphenol content 
Reagents preparations 
Sodium carbonate 
- Weigh 35 g sodium carbonate, dissolve in 50-75 mL Milli-Q water and add up to 100 mL Milli-Q 
water when completely dissolved (100 mL total volume). Dissolve with magnetic stirrer at 50⁰C for 
about 10mins. 
Gallic acid solution  
- Weigh 13.2 mg gallic acid in a 100 mL volumetric flask, add 5 mL ethanol and fill it up with Milli-Q 
water.   
Standard curve 
Make triplicates for each concentration in cuvettes, end volume 100 µL 
Conc. (mg/l) 0 6.6 13.2 26.4 66 132 
Dest H2O (µL) 100 95 90 80 50 0 
Gallic acid (µL) 0 5 10 20 50 100 
 
Antioxidant preparation 
Olive polyphenol 
- Weigh 500 mg olive polyphenol powder, dissolve in 50ml Milli-Q water. 
- Transfer 10 µL from the olive polyphenol powder solution to a cuvette and add 90 µL Milli-Q water.  
Rosemary oil 
- Measure 100 µL oil in a cuvette. 
Oregano oil 
- Dilute 40 µL oil to 50 mL with Milli-Q water in a volumetric flak.  
- Transfer 10 µL from the diluted oregano oil solution to a cuvette and add 90 µL Milli-Q water.  
Folin-Ciocalteu assay procedure 
-Add 200 µl Folin-Ciocalteu reagent to each cuvette. 
- After precisely 3 mins, add 2 mL saturated sodium carbonate solution and finally 1 mL Milli-Q water. 
- Store tubes in dark place at room temperature for 60 min precisely. 
- Measure absorbance at 765 nm. 
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Appendix 3 
ABTS assay protocol, determination of antioxidant capacity 
Preparations day 1 
ABTS solution (7mM) 
- Weigh 192 mg ABTS powder and put it in 50 mL volumetric flask, fill it up with Milli-Q water and 
store in the dark for maximum 6 days. 
Potassium persulfate (140 mM) 
- Weigh 3,78 g of powder and put it in a 100 mL volumetric flask, fill it up with Milli-Q water. 
ABTS reagent 
- Mix 88 µl potassium persulfate solution with 5 ml ABTS solution, store it during 16 h at room 
temperature in the dark for ABTS+ to form (mix stable for max 6 days). 
Procedure day 2 
Acetate buffer solution pH 5 
- Solution A: measure 2.9 mL acetic acid, mix with 250 mL Milli-Q water. 
- Solution B: dissolve 4.1 g anhydrous sodium acetate in 250 mL Milli-Q water. 
- Mix 37 mL of solution A with 88 mL solution B (125 mL total) in a 250 mL volumetric flask. 
- Fill it up with Milli-Q water and store in fridge until use. 
- Mix 1.5 mL of ABTS reagent with ~120 mL acetate buffer in order to obtain an absorbance between 
0.68-0.72 (after subtracting the absorbance for Milli-Q water) at 734 nm, store the solution in a dark 
place.  
Trolox solution (5 mM) 
- Weigh 62.57 mg powder and put it in a 50 mL volumetric flask with ethanol (this solution can be 
stored at -20 ⁰C for up to 3 months). 
- Make standard solution as follows in 2 mL eppendorf tubes.  
Conc. (µM) 200 150 100 50 25 0 
Trolox (5 mM) (µL) 40 30 20 10 5 0 
Milli-Q water (µL) 960 970 980 990 995 1000 
Antioxidant preparation 
The amount of antioxidants are based on the results from Folin-Ciocalteu.  
Olive polyphenol solution 
50 ppm: weigh 25.13 mg OPP and put in 50 mL volumetric flask, add Milli-Q water.  
100 ppm: weigh 50.25 mg OPP and put in 50 mL volumetric flask, add Milli-Q water.  
200 ppm: weigh 110.51 mg OPP and put in 50 mL volumetric flask, add Milli-Q water. 
Oregano oil 
50 ppm: measure 3.7 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
100 ppm: measure 7.4 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
200 ppm: measure 14.8 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
Spectrophotometer 
- Mix 200 µl of the standard solutions and diluted sample with 2 mL diluted ABTS reagent. Rosemary oil 
was tested undiluted. After 3 minutes exactly, measure absorbance at 734 nm.  
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Appendix 4 
FRAP assay protocol, the power of the antioxidant 
Sodium acetate buffer solution pH 3.6 
- Weigh 0.49 g sodium acetate (C2H3NaO2) and add 4 ml glacial acetic acid (C2H4O2), fill up with Milli-Q 
water to 250 mL. 
 
TPTZ solution 10 mM 
- Weigh 0.312 g TPTZ and put in a 100 mL volumetric flask, fill it up with 40 mM HCl, which is 
produced by taking 0.835 mL 37 % HCl in a 250 mL volumetric flask and fill it up with Milli-Q water. 
 
Fe3+ solution 20 mM 
- Weigh 0.54 g ferric chloride hexahydrate and put in a 100 mL volumetric flask and fill it up with 
Milli-Q water. 
FRAP reagent  
- Mix 75 mL sodium acetate buffer with 7.5 mL TPTZ solution and 7.5 mL Fe3+ solution. Put the 
reagent in 37 °C water bath. 
Trolox solution (5 mM) 
- Weigh 62.57 mg powder and put it in a 50 mL volumetric flask with ethanol (this solution can be 
stored at -20 ⁰C for up to 3 months). 
- Make standard solution as follows in 2 mL eppendorf tubes.  
Conc. (µM) 100 250 500 750 1000 
Trolox (5 mM) (µL) 20 50 100 150 200 
Dest H2O (µL) 980 950 900 850 800 
 
Antioxidant preparation 
The amount of antioxidants are based on the results from Folin-Ciocalteu. 
Olive polyphenol solution 
50 ppm: weigh 25.13 mg OPP and put in 50 mL volumetric flask, add Milli-Q water.  
100 ppm: weigh 50.25 mg OPP and put in 50 mL volumetric flask, add Milli-Q water.  
200 ppm: weigh 110.51 mg OPP and put in 50 mL volumetric flask, add Milli-Q water. 
Oregano oil 
50 ppm: measure 3.7 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
100 ppm: measure 7.4 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
200 ppm: measure 14.8 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
400 ppm: measure 29.7 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
800 ppm: measure 59.4 µL oregano oil and put in 50 mL volumetric flask, add Milli-Q water. 
Absorbance 
- Reagent blank (1.5 mL FRAP + 200 µL water) reading is taken at 593 nm.  
- Mix 50 µL of standard solution and samples with 1.5 mL of the FRAP reagent and 150 µL water, 
incubate at 37 °C. 
- Measure absorbance at 593 nm after exactly 4 min.   
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Appendix 5 
SENSORY EVALUATION OF MEATBALLS 
Sample nr: _____________ 
VISUAL 
1. Colour-frying crust           1        2        3        4        5        6        7        8       9 
                                            (very light)                                             (very dark)
  
TEXTURE AND CONSISTENSY  
2. Compactness                   1        2        3        4        5        6        7       8       9 
                                            (very low)                                               (very high) 
 
TASTE AND FLAVOUR 
3. Meat taste intensity         1        2        3        4        5        6        7       8       9 
                                            (none)                                                     (very high) 
 
4. Off-flavour                          1        2        3        4        5        6        7       8       9 
                                            (none)                                                     (very high) 
 
5. Total impression                1        2        3        4        5        6        7       8       9 
                                            (very bad)                                               (very good) 
 
Comments:______________________________________________________________________  
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Appendix 6 
Raw data and calculation 
Table 4. Water content (%) in raw meat, pan-fried meatballs and deep fat fried meatballs. Weights and calculated data. 
The average (AV) and standard deviation (SD) is calculated.  
Sample Weight 
sample 
before 
Drying (g) 
Weight 
sample 
after 
Drying (g) 
% Dry 
matter 
% Water 
content 
AV SD 
P 2/10 raw 1 5.12 1.73 33.70 66.30   
P 2/10 raw 2 5.03 1.68 33.49 66.51   
P 2/10 raw 3 5.17 1.33 25.79 74.21 69.01 3.68 
P 2/10 pan-fried 1 5.46 2.51 45.98 54.02   
P 2/10 pan-fried 2 4.97 2.18 43.88 56.12   
P 2/10 pan-fried 3 5.04 2.19 43.40 56.60 55.58 1.12 
P 2/10 deep fat fried 1 4.94 2.18 44.20 55.80   
P 2/10 deep fat fried 2 5.05 2.05 40.63 59.37   
P 2/10 deep fat fried 3 4.82 2.14 44.39 55.61 56.92 1.73 
P 4/10 raw 1 5.88 2.06 35.01 64.99   
P 4/10 raw 2 5.30 1.81 34.23 65.77   
P 4/10 raw 3 4.95 1.79 36.16 63.84 64.87 0.79 
P 4/10 pan-fried 1 5.36 2.51 46.72 53.28   
P 4/10 pan-fried 2 5.93 2.27 38.27 61.73   
P 4/10 pan-fried 3 5.27 2.18 41.42 58.58 57.86 3.48 
P 4/10 deep fat fried 1 5.18 2.43 46.86 53.14   
P 4/10 deep fat fried 2 5.25 2.47 47.01 52.99   
P 4/10 deep fat fried 3 5.08 2.31 45.40 54.60 53.58 0.73 
P 2/20 raw 1 4.87 2.03 41.73 58.27   
P 2/20 raw 2 4.89 2.08 42.43 57.57   
P 2/20 raw 3 5.32 2.23 42.01 57.99 57.94 0.29 
P 2/20 pan-fried 1 5.01 2.85 56.90 43.10   
P 2/20 pan-fried 2 4.74 2.51 52.87 47.13   
P 2/20 pan-fried 3 5.33 2.96 55.55 44.45 44.89 1.67 
P 2/20 deep fat fried 1 4.90 2.79 56.92 43.08   
P 2/20 deep fat fried 2 5.11 2.82 55.08 44.92   
P 2/20 deep fat fried 3 4.95 2.82 56.89 43.11 43.70 0.86 
P 4/20 raw 1 5.31 2.16 40.57 59.43   
P 4/20 raw 2 4.59 1.88 40.92 59.08   
P 4/20 raw 3 4.99 2.09 41.82 58.18 58.90 0.53 
P 4/20 pan-fried 1 4.72 2.53 53.49 46.51   
P 4/20 pan-fried 2 5.14 2.62 50.89 49.11   
P 4/20 pan-fried 3 5.18 2.58 49.85 50.15 48.59 1.53 
P 4/20 deep fat fried 1 5.00 2.93 58.55 41.45   
P 4/20 deep fat fried 2 4.81 2.95 61.34 38.66   
P 4/20 deep fat fried 3 5.04 3.13 62.11 37.89 39.33 1.53 
B 2/10 raw 1 4.84 1.49 30.83 69.17   
B 2/10 raw 2 5.20 1.54 29.60 70.40   
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B 2/10 raw 3 5.13 1.46 28.36 71.64 70.40 1.01 
B 2/10 pan-fried 1 5.10 1.95 38.25 61.75   
B 2/10 pan-fried 2 5.54 2.16 38.93 61.07   
B 2/10 pan-fried 3 5.25 1.90 36.21 63.79 62.20 1.16 
B 2/10 deep fat fried 1 4.89 2.15 43.97 56.03   
B 2/10 deep fat fried 2 5.17 2.15 41.63 58.37   
B 2/10 deep fat fried 3 5.11 2.19 42.84 57.16 57.19 0.96 
B 4/10 raw 1 5.18 1.77 34.10 65.90   
B 4/10 raw 2 4.91 1.71 34.82 65.18   
B 4/10 raw 3 5.16 1.77 34.26 65.74 65.61 0.31 
B 4/10 pan-fried 1 4.70 1.96 41.68 58.32   
B 4/10 pan-fried 2 5.24 2.06 39.24 60.76   
B 4/10 pan-fried 3 5.30 2.12 40.03 59.97 59.68 1.02 
B 4/10 deep fat fried 1 4.22 1.94 46.01 53.99   
B 4/10 deep fat fried 2 5.20 2.42 46.57 53.43   
B 4/10 deep fat fried 3 4.54 2.00 44.04 55.96 54.46 1.08 
B 2/20 raw 1 5.21 2.19 41.98 58.02   
B 2/20 raw 2 4.84 2.00 41.37 58.63   
B 2/20 raw 3 5.03 2.11 41.84 58.16 58.27 0.26 
B 2/20 pan-fried 1 4.68 2.36 50.40 49.60   
B 2/20 pan-fried 2 4.62 2.26 48.88 51.12   
B 2/20 pan-fried 3 5.13 2.41 47.09 52.91 51.21 1.36 
B 2/20 deep fat fried 1 4.83 2.57 53.24 46.76   
B 2/20 deep fat fried 2 5.11 2.74 53.58 46.42   
B 2/20 deep fat fried 3 5.12 2.52 49.27 50.73 47.97 1.96 
B 4/20 raw 1 5.51 2.36 42.90 57.10   
B 4/20 raw 2 4.96 2.22 44.87 55.13   
B 4/20 raw 3 4.86 2.00 41.09 58.91 57.04 1.54 
B 4/20 pan-fried 1 4.50 2.30 51.02 48.98   
B 4/20 pan-fried 2 4.65 2.38 51.15 48.85   
B 4/20 pan-fried 3 5.46 2.68 48.96 51.04 49.62 1.00 
B 4/20 deep fat fried 1 4.60 2.39 51.98 48.02   
B 4/20 deep fat fried 2 5.37 2.73 50.89 49.11   
B 4/20 deep fat fried 3 5.00 2.72 54.47 45.53 47.55 1.50 
 
Table 5. Total weight loss, water loss and fat loss (%) of pan-fried meatballs. The average (AV) and standard deviation 
(SD) is calculated. 
Sample % Total 
weight loss 
AV SD % Water 
loss 
AV SD % Fat 
loss 
AV SD 
P 2/10 - 1 20.88   25.03   -4.16   
P 2/10 - 2 22.91   26.17   -3.25   
P 2/10 - 3 21.13   25.17   -4.04   
P 2/10 - 4 20.23   24.67   -4.45   
P 2/10 - 5 18.77   23.86   -5.09   
P 2/10 - 6 16.44   22.57   -6.13   
P 2/10 - 7 17.73   23.28   -5.56   
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P 2/10 - 8 18.82   23.89   -5.07   
P 2/10 - 9 20.66   24.91   -4.26   
P 2/10 - 10 20.54   24.84   -4.31   
P 2/10 - 11 17.83   23.34   -5.51   
P 2/10 - 12 15.74 19.31 0.18 22.18 24.16 24.16 -6.44 -4.85 0.90 
P 4/10 - 1 20.01   18.58   1.43   
P 4/10 - 2 20.59   18.92   1.67   
P 4/10 - 3 19.99   18.57   1.42   
P 4/10 - 4 21.26   19.31   1.96   
P 4/10 - 5 20.32   18.76   1.56   
P 4/10 - 6 16.99   16.83   0.15   
P 4/10 - 7 17.02   16.85   0.17   
P 4/10 - 8 19.00   18.00   1.00   
P 4/10 - 9 20.45   18.84   1.62   
P 4/10 - 10 21.74   19.59   2.16   
P 4/10 - 11 15.61   16.04   -0.43   
P 4/10 - 12 15.61 19.05 0.12 16.04 18.03 18.03 -0.42 1.02 0.88 
P 2/20 - 1 26.41   24.91   1.51   
P 2/20 - 2 28.35   25.78   2.58   
P 2/20 - 3 26.17   24.79   1.37   
P 2/20 - 4 23.51   23.60   -0.09   
P 2/20 - 5 23.57   23.63   -0.06   
P 2/20 - 6 20.93   22.44   -1.52   
P 2/20 - 7 20.53   22.26   -1.73   
P 2/20 - 8 22.03   22.94   -0.91   
P 2/20 - 9 25.12   24.32   0.79   
P 2/20 - 10 32.46   27.62   4.84   
P 2/20 - 11 20.73   22.35   -1.63   
P 2/20 - 12 26.58 24.70 0.27 24.98 24.14 24.14 1.60 0.56 1.88 
P 4/20 - 1 20.78   20.40   0.38   
P 4/20 - 2 22.20   21.09   1.11   
P 4/20 - 3 21.82   20.91   0.91   
P 4/20 - 4 20.85   20.44   0.42   
P 4/20 - 5 19.24   19.65   -0.41   
P 4/20 - 6 19.16   19.61   -0.46   
P 4/20 - 7 16.99   18.56   -1.57   
P 4/20 - 8 19.10   19.59   -0.48   
P 4/20 - 9 17.43   18.78   -1.34   
P 4/20 - 10 20.35   20.19   0.16   
P 4/20 - 11 14.74   17.47   -2.73   
P 4/20 - 12 14.06 18.89 0.27 17.14 19.49 19.49 -3.08 -0.59 1.29 
B 2/10 - 1 23.27   22.68   0.60   
B 2/10 - 2 30.57   27.22   3.35   
B 2/10 - 3 25.62   24.14   1.48   
B 2/10 - 4 29.83   26.75   3.07   
B 2/10 - 5 28.23   25.76   2.47   
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B 2/10 - 6 29.49   26.54   2.95   
B 2/10 - 7 25.25   23.91   1.34   
B 2/10 - 8 19.60   20.39   -0.79   
B 2/10 - 9 24.52   23.45   1.07   
B 2/10 - 10 25.13   23.83   1.30   
B 2/10 - 11 19.15   20.11   -0.96   
B 2/10 - 12 26.59 25.60 0.10 24.74 24.13 2.20 1.85 1.48 1.34 
B 4/10 - 1 22.19   19.17   3.02   
B 4/10 - 2 29.93   23.79   6.14   
B 4/10 - 3 25.15   20.94   4.22   
B 4/10 - 4 22.75   19.50   3.25   
B 4/10 - 5 20.54   18.19   2.36   
B 4/10 - 6 21.70   18.87   2.82   
B 4/10 - 7 20.16   17.96   2.20   
B 4/10 - 8 24.00   20.25   3.75   
B 4/10 - 9 19.16   17.36   1.80   
B 4/10 - 10 25.52   21.16   4.36   
B 4/10 - 11 16.49   15.77   0.72   
B 4/10 - 12 15.73 21.94 0.07 15.31 19.02 19.02 0.42 2.92 1.53 
B 2/20 - 1 33.20   24.06   9.14   
B 2/20 - 2 31.59   23.24   8.35   
B 2/20 - 3 34.18   24.56   9.62   
B 2/20 - 4 28.26   21.53   6.73   
B 2/20 - 5 27.46   21.12   6.34   
B 2/20 - 6 23.52   19.11   4.42   
B 2/20 - 7 23.66   19.18   4.48   
B 2/20 - 8 24.97   19.85   5.12   
B 2/20 - 9 25.39   20.06   5.32   
B 2/20 - 10 29.91   22.38   7.53   
B 2/20 - 11 28.59   21.70   6.89   
B 2/20 - 12 27.81 28.21 0.17 21.30 21.51 21.51 6.51 6.70 1.65 
B 4/20 - 1 34.38   24.48   9.90   
B 4/20 - 2 40.63   27.58   13.04   
B 4/20 - 3 36.25   25.41   10.84   
B 4/20 - 4 33.07   23.83   9.24   
B 4/20 - 5 28.70   21.67   7.04   
B 4/20 - 6 28.69   21.66   7.03   
B 4/20 - 7 29.22   21.92   7.30   
B 4/20 - 8 32.34   23.47   8.87   
B 4/20 - 9 32.87   23.73   9.14   
B 4/20 - 10 34.22   24.40   9.82   
B 4/20 - 11 32.28   23.44   8.84   
B 4/20 - 12 33.00 32.97 0.13 23.80 23.78 23.78 9.20 9.19 1.62 
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Table 6. Total weight loss, water loss and fat loss (%) of deep fat fried meatballs. The average (AV) and standard 
deviation (SD) is calculated. 
Sample % Total 
weight loss 
AV SD % Water 
loss 
AV SD % Fat 
loss 
AV SD 
P 2/10 - 1 25.61   26.67   -1.05   
P 2/10 - 2 25.03   26.34   -1.30   
P 2/10 - 3 25.96   26.87   -0.90   
P 2/10 - 4 25.33   26.51   -1.17   
P 2/10 - 5 27.90   27.97   -0.07   
P 2/10 - 6 26.14   26.97   -0.83   
P 2/10 - 7 25.40   26.54   -1.15   
P 2/10 - 8 25.03   26.34   -1.30   
P 2/10 - 9 25.35   26.52   -1.17   
P 2/10 - 10 24.83   26.22   -1.39   
P 2/10 - 11 25.07   26.35   -1.29   
P 2/10 - 12 24.16 25.49 0.88 25.84 26.59 0.50 -1.68 -1.11 0.38 
P 4/10 - 1 24.42   24.37   0.05   
P 4/10 - 2 22.16   23.16   -1.00   
P 4/10 - 3 22.55   23.37   -0.82   
P 4/10 - 4 20.20   22.11   -1.91   
P 4/10 - 5 22.34   23.26   -0.92   
P 4/10 - 6 22.62   23.41   -0.79   
P 4/10 - 7 21.67   22.90   -1.23   
P 4/10 - 8 23.51   23.89   -0.38   
P 4/10 - 9 20.57   22.31   -1.74   
P 4/10 - 10 24.45   24.39   0.06   
P 4/10 - 11 21.47   22.79   -1.32   
P 4/10 - 12 22.82 22.41 1.27 23.52 23.29 0.68 -0.70 -0.89 0.59 
P 2/20 - 1 28.19   26.56   1.63   
P 2/20 - 2 29.42   27.10   2.33   
P 2/20 - 3 27.94   26.45   1.49   
P 2/20 - 4 30.17   27.42   2.75   
P 2/20 - 5 28.22   26.57   1.65   
P 2/20 - 6 30.88   27.73   3.15   
P 2/20 - 7 32.53   28.45   4.07   
P 2/20 - 8 26.87   25.98   0.89   
P 2/20 - 9 29.97   27.34   2.64   
P 2/20 - 10 30.70   27.65   3.04   
P 2/20 - 11 30.07   27.38   2.69   
P 2/20 - 12 30.86 29.65 1.52 27.72 27.20 0.66 3.13 2.46 0.86 
P 4/20 - 1 29.61   31.21   -1.60   
P 4/20 - 2 28.50   30.77   -2.27   
P 4/20 - 3 28.45   30.75   -2.30   
P 4/20 - 4 28.27   30.68   -2.41   
P 4/20 - 5 29.84   31.30   -1.46   
P 4/20 - 6 29.26   31.07   -1.81   
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P 4/20 - 7 30.53   31.57   -1.04   
P 4/20 - 8 32.75   32.45   0.31   
P 4/20 - 9 29.69   31.24   -1.55   
P 4/20 - 10 27.58   30.41   -2.83   
P 4/20 - 11 32.20   32.23   -0.03   
P 4/20 - 12 32.56 29.95 1.67 32.37 31.34 0.66 0.19 -1.40 1.01 
B 2/10 - 1 24.68   27.29   -2.61   
B 2/10 - 2 30.63   30.69   -0.06   
B 2/10 - 3 30.53   30.64   -0.11   
B 2/10 - 4 31.80   31.36   0.44   
B 2/10 - 5 30.40   30.56   -0.16   
B 2/10 - 6 28.37   29.40   -1.03   
B 2/10 - 7 29.16   29.85   -0.70   
B 2/10 - 8 30.35   30.53   -0.18   
B 2/10 - 9 29.72   30.17   -0.45   
B 2/10 - 10 31.92   31.43   0.49   
B 2/10 - 11 28.88   29.70   -0.81   
B 2/10 - 12 31.79 29.85 1.91 31.35 30.25 1.09 0.43 -0.40 0.82 
B 4/10 - 1 31.42   28.26   3.16   
B 4/10 - 2 33.16   29.20   3.95   
B 4/10 - 3 33.09   29.17   3.92   
B 4/10 - 4 35.46   30.46   5.00   
B 4/10 - 5 35.18   30.30   4.87   
B 4/10 - 6 28.63   26.74   1.89   
B 4/10 - 7 30.64   27.83   2.81   
B 4/10 - 8 33.27   29.26   4.00   
B 4/10 - 9 37.34   31.48   5.86   
B 4/10 - 10 33.56   29.42   4.13   
B 4/10 - 11 30.13   27.56   2.58   
B 4/10 - 12 31.74 32.80 2.35 28.43 29.01 1.28 3.31 3.79 1.07 
B 2/20 - 1 42.23   30.56   11.67   
B 2/20 - 2 43.13   30.99   12.14   
B 2/20 - 3 41.57   30.24   11.33   
B 2/20 - 4 40.59   29.77   10.82   
B 2/20 - 5 44.26   31.53   12.73   
B 2/20 - 6 43.56   31.20   12.37   
B 2/20 - 7 42.66   30.76   11.90   
B 2/20 - 8 43.95   31.38   12.57   
B 2/20 - 9 38.46   28.75   9.71   
B 2/20 - 10 46.05   32.39   13.66   
B 2/20 - 11 45.34   32.05   13.29   
B 2/20 - 12 36.61 42.37 2.63 27.86 30.62 1.26 8.75 11.74 1.37 
B 4/20 - 1 39.19   28.13   11.06   
B 4/20 - 2 35.12   26.19   8.93   
B 4/20 - 3 43.74   30.29   13.45   
B 4/20 - 4 40.44   28.72   11.72   
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B 4/20 - 5 29.51   23.52   5.98   
B 4/20 - 6 40.50   28.75   11.75   
B 4/20 - 7 36.15   26.68   9.47   
B 4/20 - 8 39.21   28.14   11.07   
B 4/20 - 9 39.70   28.37   11.33   
B 4/20 - 10 37.30   27.23   10.07   
B 4/20 - 11 30.82   24.15   6.67   
B 4/20 - 12 36.07 37.40 3.92 26.65 27.23 1.87 9.43 10.08 2.06 
 
Table 7. End fat content (%) in pan-fried meatballs. The average (AV) and standard deviation (SD) is calculated. 
Sample Weight 
before 
pan-fry 
(g) 
Weight 
after 
pan-fry 
(g) 
Fat 
before 
(%) 
Fat 
before 
(g) 
Fat 
loss 
(g) 
End fat 
content 
(g) 
End fat 
content 
(%) 
AV SD 
P 2/10 - 1 15.04 11.90 0.11 1.60 -0.63 2.23 18.71     
P 2/10 - 2 14.97 11.54 0.11 1.59 -0.49 2.08 18.03     
P 2/10 - 3 15.05 11.87 0.11 1.60 -0.61 2.21 18.63     
P 2/10 - 4 14.98 11.95 0.11 1.60 -0.67 2.26 18.92     
P 2/10 - 5 15.08 12.25 0.11 1.61 -0.77 2.37 19.38     
P 2/10 - 6 14.90 12.45 0.11 1.59 -0.91 2.50 20.08     
P 2/10 - 7 14.95 12.30 0.11 1.59 -0.83 2.42 19.70     
P 2/10 - 8 14.93 12.12 0.11 1.59 -0.76 2.35 19.36     
P 2/10 - 9 14.96 11.87 0.11 1.59 -0.64 2.23 18.79     
P 2/10 - 10 14.90 11.84 0.11 1.59 -0.64 2.23 18.82     
P 2/10 - 11 15.03 12.35 0.11 1.60 -0.83 2.43 19.67     
P 2/10 - 12 14.99 12.63 0.11 1.60 -0.96 2.56 20.28 19.20 0.63 
P 4/10 - 1 14.99 11.99 0.11 1.60 0.21 1.38 11.53     
P 4/10 - 2 14.96 11.88 0.11 1.59 0.25 1.34 11.31     
P 4/10 - 3 14.96 11.97 0.11 1.59 0.21 1.38 11.54     
P 4/10 - 4 15.05 11.85 0.11 1.60 0.29 1.31 11.04     
P 4/10 - 5 15.01 11.96 0.11 1.60 0.23 1.36 11.41     
P 4/10 - 6 15.07 12.51 0.11 1.60 0.02 1.58 12.64     
P 4/10 - 7 14.92 12.38 0.11 1.59 0.03 1.56 12.63     
P 4/10 - 8 15.05 12.19 0.11 1.60 0.15 1.45 11.91     
P 4/10 - 9 15.01 11.94 0.11 1.60 0.24 1.36 11.36     
P 4/10 - 10 14.90 11.66 0.11 1.59 0.32 1.27 10.85     
P 4/10 - 11 14.99 12.65 0.11 1.60 -0.06 1.66 13.12     
P 4/10 - 12 15.05 12.70 0.11 1.60 -0.06 1.67 13.12 11.87 0.77 
P 2/20 - 1 15.03 11.06 0.21 3.20 0.23 2.97 26.87     
P 2/20 - 2 15.06 10.79 0.21 3.20 0.39 2.82 26.11     
P 2/20 - 3 15.02 11.09 0.21 3.20 0.21 2.99 26.96     
P 2/20 - 4 15.06 11.52 0.21 3.20 -0.01 3.22 27.94     
P 2/20 - 5 15.06 11.51 0.21 3.20 -0.01 3.21 27.92     
P 2/20 - 6 15.10 11.94 0.21 3.21 -0.23 3.44 28.83     
P 2/20 - 7 15.10 12.00 0.21 3.21 -0.26 3.48 28.96     
P 2/20 - 8 15.07 11.75 0.21 3.21 -0.14 3.34 28.46     
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P 2/20 - 9 14.93 11.18 0.21 3.18 0.12 3.06 27.36     
P 2/20 - 10 14.94 10.09 0.21 3.18 0.72 2.46 24.34     
P 2/20 - 11 15.10 11.97 0.21 3.21 -0.25 3.46 28.89     
P 2/20 - 12 15.05 11.05 0.21 3.20 0.24 2.96 26.81 27.45 1.30 
P 4/20 - 1 14.92 11.82 0.21 3.17 0.06 3.12 26.39     
P 4/20 - 2 15.00 11.67 0.21 3.19 0.17 3.03 25.93     
P 4/20 - 3 15.08 11.79 0.21 3.21 0.14 3.07 26.05     
P 4/20 - 4 15.01 11.88 0.21 3.19 0.06 3.13 26.36     
P 4/20 - 5 14.97 12.09 0.21 3.19 -0.06 3.25 26.86     
P 4/20 - 6 14.93 12.07 0.21 3.18 -0.07 3.25 26.89     
P 4/20 - 7 15.07 12.51 0.21 3.21 -0.24 3.44 27.53     
P 4/20 - 8 14.97 12.11 0.21 3.19 -0.07 3.26 26.90     
P 4/20 - 9 15.03 12.41 0.21 3.20 -0.20 3.40 27.40     
P 4/20 - 10 14.99 11.94 0.21 3.19 0.02 3.17 26.52     
P 4/20 - 11 15.06 12.84 0.21 3.20 -0.41 3.62 28.16     
P 4/20 - 12 15.08 12.96 0.21 3.21 -0.46 3.67 28.34 26.94 0.74 
B 2/10 - 1 15.04 11.54 0.09 1.39 0.09 1.30 11.29     
B 2/10 - 2 15.08 10.47 0.09 1.40 0.51 0.89 8.50     
B 2/10 - 3 14.91 11.09 0.09 1.38 0.22 1.16 10.45     
B 2/10 - 4 15.02 10.54 0.09 1.39 0.46 0.93 8.81     
B 2/10 - 5 14.95 10.73 0.09 1.38 0.37 1.01 9.45     
B 2/10 - 6 14.99 10.57 0.09 1.39 0.44 0.95 8.95     
B 2/10 - 7 15.05 11.25 0.09 1.39 0.20 1.19 10.58     
B 2/10 - 8 15.10 12.14 0.09 1.40 -0.12 1.52 12.49     
B 2/10 - 9 15.05 11.36 0.09 1.39 0.16 1.23 10.85     
B 2/10 - 10 14.92 11.17 0.09 1.38 0.19 1.19 10.63     
B 2/10 - 11 14.99 12.12 0.09 1.39 -0.14 1.53 12.64     
B 2/10 - 12 15.08 11.07 0.09 1.40 0.28 1.12 10.09 10.39 1.28 
B 4/10 - 1 15.10 11.75 0.09 1.40 0.46 0.94 8.01     
B 4/10 - 2 15.00 10.51 0.09 1.39 0.92 0.47 4.44     
B 4/10 - 3 14.95 11.19 0.09 1.38 0.63 0.75 6.73     
B 4/10 - 4 15.08 11.65 0.09 1.40 0.49 0.91 7.78     
B 4/10 - 5 15.09 11.99 0.09 1.40 0.36 1.04 8.68     
B 4/10 - 6 14.98 11.73 0.09 1.39 0.42 0.96 8.22     
B 4/10 - 7 14.93 11.92 0.09 1.38 0.33 1.05 8.83     
B 4/10 - 8 15.04 11.43 0.09 1.39 0.56 0.83 7.24     
B 4/10 - 9 15.08 12.19 0.09 1.40 0.27 1.12 9.22     
B 4/10 - 10 14.93 11.12 0.09 1.38 0.65 0.73 6.57     
B 4/10 - 11 14.92 12.46 0.09 1.38 0.11 1.27 10.22     
B 4/10 - 12 14.94 12.59 0.09 1.38 0.06 1.32 10.49 8.04 1.60 
B 2/20 - 1 15.00 10.02 0.21 3.21 1.37 1.84 18.38     
B 2/20 - 2 15.10 10.33 0.21 3.23 1.26 1.97 19.10     
B 2/20 - 3 14.95 9.84 0.21 3.20 1.44 1.76 17.93     
B 2/20 - 4 15.04 10.79 0.21 3.22 1.01 2.21 20.47     
B 2/20 - 5 14.93 10.83 0.21 3.20 0.95 2.25 20.79     
B 2/20 - 6 15.05 11.51 0.21 3.22 0.66 2.56 22.23     
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B 2/20 - 7 14.92 11.39 0.21 3.20 0.67 2.53 22.18     
B 2/20 - 8 14.94 11.21 0.21 3.20 0.76 2.43 21.72     
B 2/20 - 9 14.93 11.14 0.21 3.20 0.79 2.40 21.57     
B 2/20 - 10 14.91 10.45 0.21 3.19 1.12 2.07 19.81     
B 2/20 - 11 14.97 10.69 0.21 3.21 1.03 2.17 20.34     
B 2/20 - 12 14.96 10.80 0.21 3.20 0.97 2.23 20.65 20.43 1.36 
B 4/20 - 1 14.95 9.81 0.21 3.20 1.48 1.72 17.55     
B 4/20 - 2 15.04 8.93 0.21 3.22 1.96 1.26 14.10     
B 4/20 - 3 15.06 9.60 0.21 3.23 1.63 1.59 16.59     
B 4/20 - 4 15.09 10.10 0.21 3.23 1.39 1.84 18.19     
B 4/20 - 5 15.05 10.73 0.21 3.22 1.06 2.16 20.16     
B 4/20 - 6 15.06 10.74 0.21 3.23 1.06 2.17 20.17     
B 4/20 - 7 15.06 10.66 0.21 3.23 1.10 2.13 19.95     
B 4/20 - 8 15.03 10.17 0.21 3.22 1.33 1.89 18.54     
B 4/20 - 9 15.06 10.11 0.21 3.23 1.38 1.85 18.29     
B 4/20 - 10 14.99 9.86 0.21 3.21 1.47 1.74 17.63     
B 4/20 - 11 14.93 10.11 0.21 3.20 1.32 1.88 18.57     
B 4/20 - 12 15.00 10.05 0.21 3.21 1.38 1.83 18.23 18.16 1.61 
 
Table 8. End fat content (%) in deep fat fried meatballs. The average (AV) and standard deviation (SD) is calculated. 
Sample Weight 
before 
deep-
fry (g) 
Weight 
after 
deep-
fry (g) 
Fat 
before 
(%) 
Fat 
before 
(g) 
Fat 
loss 
(g) 
End fat 
content 
(g) 
End fat 
content 
(%) 
AV SD 
P 2/10 - 1 15.07 11.21 10.65 1.60 -0.16 1.76 15.73     
P 2/10 - 2 14.98 11.23 10.65 1.60 -0.20 1.79 15.94     
P 2/10 - 3 15.06 11.15 10.65 1.60 -0.14 1.74 15.60     
P 2/10 - 4 15.04 11.23 10.65 1.60 -0.18 1.78 15.84     
P 2/10 - 5 14.98 10.8 10.65 1.60 -0.01 1.61 14.86     
P 2/10 - 6 14.92 11.02 10.65 1.59 -0.12 1.71 15.54     
P 2/10 - 7 15.04 11.22 10.65 1.60 -0.17 1.77 15.81     
P 2/10 - 8 14.94 11.2 10.65 1.59 -0.19 1.79 15.94     
P 2/10 - 9 14.99 11.19 10.65 1.60 -0.17 1.77 15.83     
P 2/10 - 10 15.06 11.32 10.65 1.60 -0.21 1.81 16.02     
P 2/10 - 11 15.08 11.3 10.65 1.61 -0.19 1.80 15.93     
P 2/10 - 12 14.94 11.33 10.65 1.59 -0.25 1.84 16.26 15.78 0.33 
P 4/10 - 1 14.99 11.33 10.65 1.60 0.01 1.59 14.03     
P 4/10 - 2 14.98 11.66 10.65 1.60 -0.15 1.75 14.97     
P 4/10 - 3 15.08 11.68 10.65 1.61 -0.12 1.73 14.81     
P 4/10 - 4 14.31 11.42 10.65 1.52 -0.27 1.80 15.74     
P 4/10 - 5 15.04 11.68 10.65 1.60 -0.14 1.74 14.90     
P 4/10 - 6 15.03 11.63 10.65 1.60 -0.12 1.72 14.78     
P 4/10 - 7 15 11.75 10.65 1.60 -0.18 1.78 15.17     
P 4/10 - 8 15.1 11.55 10.65 1.61 -0.06 1.66 14.41     
P 4/10 - 9 14.97 11.89 10.65 1.59 -0.26 1.85 15.60     
P 4/10 - 10 14.93 11.28 10.65 1.59 0.01 1.58 14.02     
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P 4/10 - 11 14.95 11.74 10.65 1.59 -0.20 1.79 15.25     
P 4/10 - 12 15.03 11.6 10.65 1.60 -0.10 1.71 14.70 14.86 0.52 
P 2/20 - 1 15.04 10.8 21.28 3.20 0.25 2.95 27.36     
P 2/20 - 2 15.09 10.65 21.28 3.21 0.35 2.86 26.85     
P 2/20 - 3 14.96 10.78 21.28 3.18 0.22 2.96 27.46     
P 2/20 - 4 14.98 10.46 21.28 3.19 0.41 2.78 26.54     
P 2/20 - 5 14.99 10.76 21.28 3.19 0.25 2.94 27.35     
P 2/20 - 6 14.96 10.34 21.28 3.18 0.47 2.71 26.23     
P 2/20 - 7 14.91 10.06 21.28 3.17 0.61 2.57 25.50     
P 2/20 - 8 15.07 11.02 21.28 3.21 0.13 3.07 27.88     
P 2/20 - 9 15.08 10.56 21.28 3.21 0.40 2.81 26.62     
P 2/20 - 10 14.92 10.34 21.28 3.17 0.45 2.72 26.31     
P 2/20 - 11 14.9 10.42 21.28 3.17 0.40 2.77 26.58     
P 2/20 - 12 15.07 10.42 21.28 3.21 0.47 2.73 26.24 26.75 0.64 
P 4/20 - 1 14.96 10.53 21.28 3.18 -0.24 3.42 32.50     
P 4/20 - 2 14.98 10.71 21.28 3.19 -0.34 3.53 32.94     
P 4/20 - 3 15.08 10.79 21.28 3.21 -0.35 3.56 32.96     
P 4/20 - 4 15 10.76 21.28 3.19 -0.36 3.55 33.03     
P 4/20 - 5 14.98 10.51 21.28 3.19 -0.22 3.41 32.41     
P 4/20 - 6 14.97 10.59 21.28 3.19 -0.27 3.46 32.64     
P 4/20 - 7 14.97 10.4 21.28 3.19 -0.16 3.34 32.13     
P 4/20 - 8 14.93 10.04 21.28 3.18 0.05 3.13 31.19     
P 4/20 - 9 14.92 10.49 21.28 3.17 -0.23 3.41 32.47     
P 4/20 - 10 14.03 10.16 21.28 2.99 -0.40 3.38 33.29     
P 4/20 - 11 14.97 10.15 21.28 3.19 0.00 3.19 31.43     
P 4/20 - 12 15.02 10.13 21.28 3.20 0.03 3.17 31.27 32.36 0.68 
B 2/10 - 1 15.03 11.32 9.26 1.39 -0.39 1.78 15.75     
B 2/10 - 2 15.05 10.44 9.26 1.39 -0.01 1.40 13.43     
B 2/10 - 3 15 10.42 9.26 1.39 -0.02 1.40 13.47     
B 2/10 - 4 15.03 10.25 9.26 1.39 0.07 1.33 12.93     
B 2/10 - 5 15.1 10.51 9.26 1.40 -0.02 1.42 13.53     
B 2/10 - 6 15.05 10.78 9.26 1.39 -0.16 1.55 14.36     
B 2/10 - 7 14.92 10.57 9.26 1.38 -0.10 1.48 14.05     
B 2/10 - 8 15.09 10.51 9.26 1.40 -0.03 1.42 13.55     
B 2/10 - 9 14.94 10.5 9.26 1.38 -0.07 1.45 13.81     
B 2/10 - 10 14.91 10.15 9.26 1.38 0.07 1.31 12.88     
B 2/10 - 11 15.06 10.71 9.26 1.39 -0.12 1.52 14.16     
B 2/10 - 12 15.07 10.28 9.26 1.39 0.06 1.33 12.94 13.74 0.76 
B 4/10 - 1 14.96 10.26 9.26 1.38 0.47 0.91 8.89     
B 4/10 - 2 15.02 10.04 9.26 1.39 0.59 0.80 7.93     
B 4/10 - 3 15.05 10.07 9.26 1.39 0.59 0.80 7.97     
B 4/10 - 4 14.92 9.63 9.26 1.38 0.75 0.63 6.59     
B 4/10 - 5 15.01 9.73 9.26 1.39 0.73 0.66 6.76     
B 4/10 - 6 14.95 10.67 9.26 1.38 0.28 1.10 10.32     
B 4/10 - 7 15.08 10.46 9.26 1.40 0.42 0.97 9.30     
B 4/10 - 8 15.03 10.03 9.26 1.39 0.60 0.79 7.87     
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B 4/10 - 9 14.97 9.38 9.26 1.39 0.88 0.51 5.42     
B 4/10 - 10 14.9 9.9 9.26 1.38 0.62 0.76 7.71     
B 4/10 - 11 14.9 10.41 9.26 1.38 0.38 1.00 9.56     
B 4/10 - 12 15.06 10.28 9.26 1.39 0.50 0.90 8.71 8.09 1.32 
B 2/20 - 1 15.06 8.7 21.42 3.23 1.76 1.47 16.86     
B 2/20 - 2 14.91 8.48 21.42 3.19 1.81 1.38 16.31     
B 2/20 - 3 15.06 8.8 21.42 3.23 1.71 1.52 17.26     
B 2/20 - 4 14.93 8.87 21.42 3.20 1.62 1.58 17.84     
B 2/20 - 5 14.98 8.35 21.42 3.21 1.91 1.30 15.58     
B 2/20 - 6 14.99 8.46 21.42 3.21 1.85 1.36 16.03     
B 2/20 - 7 15.05 8.63 21.42 3.22 1.79 1.43 16.60     
B 2/20 - 8 14.97 8.39 21.42 3.21 1.88 1.32 15.78     
B 2/20 - 9 14.9 9.17 21.42 3.19 1.45 1.74 19.02     
B 2/20 - 10 15.05 8.12 21.42 3.22 2.06 1.17 14.38     
B 2/20 - 11 14.93 8.16 21.42 3.20 1.98 1.21 14.86     
B 2/20 - 12 14.94 9.47 21.42 3.20 1.31 1.89 19.98 16.71 1.56 
B 4/20 - 1 14.98 9.11 21.42 3.21 1.66 1.55 17.03     
B 4/20 - 2 14.95 9.7 21.42 3.20 1.33 1.87 19.25     
B 4/20 - 3 15.02 8.45 21.42 3.22 2.02 1.20 14.16     
B 4/20 - 4 14.91 8.88 21.42 3.19 1.75 1.45 16.28     
B 4/20 - 5 12.98 9.15 21.42 2.78 0.78 2.00 21.89     
B 4/20 - 6 14.94 8.89 21.42 3.20 1.75 1.44 16.25     
B 4/20 - 7 15.02 9.59 21.42 3.22 1.42 1.79 18.71     
B 4/20 - 8 15.1 9.18 21.42 3.23 1.67 1.56 17.02     
B 4/20 - 9 15.09 9.1 21.42 3.23 1.71 1.52 16.73     
B 4/20 - 10 15.04 9.43 21.42 3.22 1.51 1.71 18.09     
B 4/20 - 11 14.99 10.37 21.42 3.21 1.00 2.21 21.31     
B 4/20 - 12 15.08 9.64 21.42 3.23 1.42 1.81 18.75 17.96 2.10 
 
Table 9. TBAR value (µM MDA/g meatball) for pan-fried meatballs day 1. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance  
(534 nm - blank) - 
(600 nm - blank) 
Volume 
filtrate 
(mL) 
Concentrat
ion (µM 
MDA/ mL 
filtrate) 
Weight 
(g) 
Concentrat
ion (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.09 0.50 7.17 4.04 1.78   
P 2/10 1b 0.10 0.50 7.83 3.99 1.96   
P 2/10 2a 0.09 0.50 7.01 3.98 1.76   
P 2/10 2b 0.08 0.50 6.49 4.02 1.61   
P 2/10 3a 0.11 0.50 8.60 3.96 2.17   
P 2/10 3b 0.10 0.50 7.79 4.02 1.94 1.87 0.19 
P 4/10 1a 0.08 0.50 6.69 4.03 1.66   
P 4/10 1b 0.06 0.50 5.00 3.93 1.27   
P 4/10 2a 0.09 0.50 7.18 4.05 1.77   
P 4/10 2b 0.11 0.50 8.40 3.97 2.12   
P 4/10 3a 0.11 0.50 9.05 4.04 2.24   
P 4/10 3b 0.10 0.50 8.07 3.95 2.04 1.85 0.36 
P 2/20 1a 0.13 0.50 10.34 4.00 2.59   
P 2/20 1b 0.14 0.50 10.95 4.01 2.73   
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P 2/20 2a 0.12 0.50 9.16 3.91 2.34   
P 2/20 2b 0.09 0.50 7.23 3.94 1.84   
P 2/20 3a 0.12 0.50 9.78 3.99 2.45   
P 2/20 3b 0.11 0.50 8.52 4.03 2.11 2.34 0.33 
P 4/20 1a 0.13 0.50 10.02 3.94 2.54   
P 4/20 1b 0.13 0.50 10.47 4.03 2.60   
P 4/20 2a 0.11 0.50 8.43 4.03 2.09   
P 4/20 2b 0.12 0.50 9.29 3.97 2.34   
P 4/20 3a 0.11 0.50 8.55 3.97 2.15   
P 4/20 3b 0.10 0.50 8.22 3.97 2.07 2.30 0.23 
B 2/10 1a 0.07 0.50 5.56 4.01 1.39   
B 2/10 1b 0.07 0.50 5.63 4.05 1.39   
B 2/10 2a 0.06 0.50 5.06 4.00 1.26   
B 2/10 2b 0.08 0.50 6.12 3.98 1.54   
B 2/10 3a 0.07 0.50 5.69 4.08 1.39   
B 2/10 3b 0.07 0.50 5.67 4.01 1.42 1.40 0.09 
B 4/10 1a 0.08 0.50 6.13 4.05 1.51   
B 4/10 1b 0.07 0.50 5.56 4.06 1.37   
B 4/10 2a 0.06 0.50 4.74 4.00 1.18   
B 4/10 2b 0.06 0.50 4.52 4.08 1.11   
B 4/10 3a 0.05 0.50 3.90 3.96 0.98   
B 4/10 3b 0.05 0.50 3.94 4.00 0.99 1.19 0.21 
B 2/20 1a 0.04 0.50 3.38 4.05 0.83   
B 2/20 1b 0.04 0.50 3.37 4.04 0.83   
B 2/20 2a 0.04 0.50 2.87 4.06 0.71   
B 2/20 2b 0.04 0.50 3.14 3.96 0.79   
B 2/20 3a 0.04 0.50 2.88 4.04 0.71   
B 2/20 3b 0.04 0.50 3.33 3.98 0.84 0.79 0.06 
B 4/20 1a 0.05 0.50 3.60 4.02 0.89   
B 4/20 1b 0.05 0.50 3.73 3.94 0.95   
B 4/20 2a 0.05 0.50 3.67 4.04 0.91   
B 4/20 2b 0.04 0.50 3.50 4.04 0.87   
B 4/20 3a 0.05 0.50 3.85 4.04 0.95   
B 4/20 3b 0.05 0.50 3.68 4.02 0.92 0.91 0.03 
 
Table 10. TBAR value (µM MDA/g meatball) for deep fat fried meatballs day 1. The average (AV) and standard deviation 
(SD) is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Volume 
filtrate 
(mL) 
Concentrat
ion (µM 
MDA/ mL 
filtrate) 
Weight  
(g) 
Concentrat
ion (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.11 0.50 7.66 3.99 1.92   
P 2/10 1b 0.12 0.50 8.91 3.93 2.27   
P 2/10 2a 0.10 0.50 6.86 4.07 1.69   
P 2/10 2b 0.10 0.50 6.89 4.03 1.71   
P 2/10 3a 0.09 0.50 6.45 3.93 1.64   
P 2/10 3b 0.09 0.50 5.93 4.00 1.48 0.50 0.00 
P 4/10 1a 0.11 0.50 7.98 4.07 1.96   
P 4/10 1b 0.11 0.50 7.67 4.03 1.90   
P 4/10 2a 0.10 0.50 7.30 3.95 1.85   
P 4/10 2b 0.10 0.50 7.19 4.08 1.76   
P 4/10 3a 0.08 0.50 5.59 3.99 1.40   
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P 4/10 3b 0.07 0.50 4.42 4.00 1.11 0.50 0.00 
P 2/20 1a 0.13 0.50 9.83 4.04 2.43   
P 2/20 1b 0.13 0.50 9.65 4.02 2.40   
P 2/20 2a 0.14 0.50 10.00 4.04 2.48   
P 2/20 2b 0.14 0.50 10.58 4.05 2.61   
P 2/20 3a 0.12 0.50 8.56 3.92 2.18   
P 2/20 3b 0.12 0.50 8.90 4.02 2.22 0.50 0.00 
P 4/20 1a 0.09 0.50 6.50 3.97 1.64   
P 4/20 1b 0.12 0.50 8.97 4.09 2.19   
P 4/20 2a 0.10 0.50 6.88 3.91 1.76   
P 4/20 2b 0.11 0.50 7.70 3.98 1.93   
P 4/20 3a 0.11 0.50 7.79 4.04 1.93   
P 4/20 3b 0.11 0.50 7.70 3.92 1.97 0.50 0.00 
B 2/10 1a 0.07 0.50 4.07 4.01 1.01   
B 2/10 1b 0.06 0.50 3.88 3.90 0.99   
B 2/10 2a 0.09 0.50 6.07 4.01 1.51   
B 2/10 2b 0.09 0.50 6.22 3.97 1.57   
B 2/10 3a 0.07 0.50 4.64 4.07 1.14   
B 2/10 3b 0.08 0.50 4.96 3.98 1.25 0.50 0.00 
B 4/10 1a 0.05 0.50 2.97 3.96 0.75   
B 4/10 1b 0.06 0.50 3.76 4.02 0.94   
B 4/10 2a 0.06 0.50 3.33 4.03 0.83   
B 4/10 2b 0.06 0.50 3.91 4.04 0.97   
B 4/10 3a 0.06 0.50 3.43 3.92 0.87   
B 4/10 3b 0.06 0.50 3.29 3.94 0.84 0.50 0.00 
B 2/20 1a 0.06 0.50 3.72 3.94 0.95   
B 2/20 1b 0.07 0.50 4.23 3.93 1.08   
B 2/20 2a 0.06 0.50 3.84 4.00 0.96   
B 2/20 2b 0.07 0.50 4.20 3.99 1.05   
B 2/20 3a 0.07 0.50 4.21 3.99 1.06   
B 2/20 3b 0.06 0.50 4.00 3.95 1.01 0.50 0.00 
B 4/20 1a 0.06 0.50 4.01 4.04 0.99   
B 4/20 1b 0.07 0.50 4.24 4.03 1.05   
B 4/20 2a 0.06 0.50 3.27 3.95 0.83   
B 4/20 2b 0.05 0.50 3.04 3.95 0.77   
B 4/20 3a 0.07 0.50 4.26 3.94 1.08   
B 4/20 3b 0.07 0.50 4.40 4.09 1.08 0.50 0.00 
 
Table 11. TBAR value (µM MDA/g meatball) for pan-fried meatballs day 7. The average (AV) and standard deviation (SD) 
is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Volume 
filtrate 
(mL) 
Concentra
tion (µM 
MDA/ mL 
filtrate) 
Weight  
(g) 
Concentrat
ion (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.20 0.50 15.05 3.99 3.77   
P 2/10 1b 0.19 0.50 14.55 4.03 3.61   
P 2/10 2a 0.20 0.50 15.66 3.93 3.98   
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P 2/10 2b 0.21 0.50 15.83 3.97 3.99   
P 2/10 3a 0.19 0.50 14.30 4.06 3.52   
P 2/10 3b 0.21 0.50 16.21 3.96 4.09 3.83 0.23 
P 4/10 1a 0.15 0.50 11.55 3.94 2.93   
P 4/10 1b 0.15 0.50 11.72 3.95 2.97   
P 4/10 2a 0.14 0.50 10.81 3.96 2.73   
P 4/10 2b 0.16 0.50 12.03 3.97 3.03   
P 4/10 3a 0.17 0.50 12.62 4.08 3.09   
P 4/10 3b 0.17 0.50 12.76 4.02 3.17 2.99 0.15 
P 2/20 1a 0.18 0.50 13.47 4.02 3.35   
P 2/20 1b 0.17 0.50 13.28 3.99 3.33   
P 2/20 2a 0.20 0.50 15.35 3.93 3.91   
P 2/20 2b 0.19 0.50 14.55 3.93 3.70   
P 2/20 3a 0.23 0.50 18.10 3.98 4.55   
P 2/20 3b 0.22 0.50 16.81 3.95 4.26 3.85 0.49 
P 4/20 1a 0.22 0.50 17.05 4.03 4.23   
P 4/20 1b 0.21 0.50 16.39 3.90 4.20   
P 4/20 2a 0.20 0.50 15.50 4.00 3.87   
P 4/20 2b 0.20 0.50 15.34 4.08 3.76   
P 4/20 3a 0.21 0.50 16.50 3.96 4.17   
P 4/20 3b 0.23 0.50 17.47 4.02 4.35 4.10 0.23 
B 2/10 1a 0.22 0.50 16.83 4.01 4.20   
B 2/10 1b 0.21 0.50 15.97 3.94 4.05   
B 2/10 2a 0.21 0.50 16.31 4.05 4.03   
B 2/10 2b 0.24 0.50 18.31 3.97 4.61   
B 2/10 3a 0.23 0.50 18.17 4.04 4.50   
B 2/10 3b 0.21 0.50 16.22 4.03 4.03 4.24 0.26 
B 4/10 1a 0.08 0.50 6.07 4.08 1.49   
B 4/10 1b 0.08 0.50 5.49 3.95 1.39   
B 4/10 2a 0.09 0.50 6.84 4.05 1.69   
B 4/10 2b 0.10 0.50 7.63 4.03 1.89   
B 4/10 3a 0.09 0.50 6.22 4.06 1.53   
B 4/10 3b 0.09 0.50 6.48 3.97 1.63 1.60 0.18 
B 2/20 1a 0.07 0.50 4.53 3.97 1.14   
B 2/20 1b 0.06 0.50 3.92 3.98 0.98   
B 2/20 2a 0.08 0.50 5.82 4.04 1.44   
B 2/20 2b 0.07 0.50 5.06 3.93 1.29   
B 2/20 3a 0.11 0.50 7.81 3.96 1.97   
B 2/20 3b 0.09 0.50 6.66 4.04 1.65 1.41 0.36 
B 4/20 1a 0.08 0.50 5.38 4.10 1.31   
B 4/20 1b 0.07 0.50 5.21 3.97 1.31   
B 4/20 2a 0.09 0.50 6.74 3.92 1.72   
B 4/20 2b 0.09 0.50 6.22 3.93 1.58   
B 4/20 3a 0.08 0.50 6.01 3.93 1.53   
B 4/20 3b 0.08 0.50 6.02 4.10 1.47 1.49 0.16 
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Table 12. TBAR value (µM MDA/g meatball) for deep fat fried meatballs day 7. The average (AV) and standard deviation 
(SD) is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Volume 
filtrate 
(mL) 
Concentra
tion (µM 
MDA/ mL 
filtrate) 
Weight  
(g) 
Concentrat
ion (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.21 0.50 17.54 3.99 4.40   
P 2/10 1b 0.21 0.50 17.56 4.06 4.32   
P 2/10 2a 0.22 0.50 18.02 4.06 4.44   
P 2/10 2b 0.23 0.50 18.64 4.05 4.60   
P 2/10 3a 0.19 0.50 15.64 3.94 3.97   
P 2/10 3b 0.20 0.50 16.26 4.04 4.03 4.29 0.23 
P 4/10 1a 0.17 0.50 13.81 4.04 3.42   
P 4/10 1b 0.17 0.50 13.88 3.99 3.48   
P 4/10 2a 0.16 0.50 13.50 4.03 3.35   
P 4/10 2b 0.16 0.50 13.21 4.03 3.28   
P 4/10 3a 0.16 0.50 13.20 3.99 3.31   
P 4/10 3b 0.17 0.50 13.97 4.01 3.48 3.39 0.08 
P 2/20 1a 0.25 0.50 20.24 4.07 4.97   
P 2/20 1b 0.24 0.50 19.70 3.97 4.96   
P 2/20 2a 0.25 0.50 20.36 4.04 5.04   
P 2/20 2b 0.25 0.50 20.54 4.09 5.02   
P 2/20 3a 0.24 0.50 20.07 3.97 5.05   
P 2/20 3b 0.24 0.50 19.43 4.03 4.82 4.98 0.08 
P 4/20 1a 0.20 0.50 16.40 4.09 4.01   
P 4/20 1b 0.20 0.50 16.10 4.09 3.94   
P 4/20 2a 0.20 0.50 16.67 4.03 4.14   
P 4/20 2b 0.20 0.50 16.55 4.06 4.08   
P 4/20 3a 0.21 0.50 17.44 4.01 4.35   
P 4/20 3b 0.21 0.50 17.07 3.99 4.28 4.13 0.14 
B 2/10 1a 0.09 0.50 7.72 3.99 1.93   
B 2/10 1b 0.10 0.50 7.86 3.99 1.97   
B 2/10 2a 0.08 0.50 6.88 3.99 1.73   
B 2/10 2b 0.08 0.50 6.60 4.04 1.63   
B 2/10 3a 0.08 0.50 6.79 4.00 1.70   
B 2/10 3b 0.08 0.50 6.97 3.98 1.75 1.79 0.12 
B 4/10 1a 0.07 0.50 5.37 4.06 1.32   
B 4/10 1b 0.07 0.50 5.38 3.97 1.36   
B 4/10 2a 0.06 0.50 5.17 3.90 1.33   
B 4/10 2b 0.07 0.50 5.37 4.01 1.34   
B 4/10 3a 0.07 0.50 5.60 3.93 1.42   
B 4/10 3b 0.07 0.50 5.63 4.02 1.40 1.36 0.04 
B 2/20 1a 0.09 0.50 7.28 4.09 1.78   
B 2/20 1b 0.09 0.50 7.25 3.98 1.82   
B 2/20 2a 0.08 0.50 6.73 3.94 1.71   
B 2/20 2b 0.07 0.50 6.17 3.93 1.57   
B 2/20 3a 0.08 0.50 6.74 4.03 1.67   
B 2/20 3b 0.09 0.50 7.17 4.05 1.77 1.72 0.08 
B 4/20 1a 0.07 0.50 5.58 4.01 1.39   
B 4/20 1b 0.07 0.50 5.63 3.92 1.44   
B 4/20 2a 0.07 0.50 5.92 3.97 1.49   
B 4/20 2b 0.07 0.50 6.17 4.03 1.53   
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B 4/20 3a 0.06 0.50 5.28 3.96 1.33   
B 4/20 3b 0.07 0.50 5.41 3.95 1.37 1.43 0.07 
 
Table 13. TBAR value (µM MDA/g meatball) for pan-fried meatballs day 14. The average (AV) and standard deviation (SD) 
is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Volume 
filtrate 
(mL) 
Concentrat
ion (µM 
MDA/ mL 
filtrate) 
Weight  
(g) 
Concentrati
on (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.24 0.50 19.81 4.10 4.83   
P 2/10 1b 0.25 0.50 20.40 4.05 5.04   
P 2/10 2a 0.24 0.50 19.57 4.03 4.86   
P 2/10 2b 0.24 0.50 19.87 4.04 4.92   
P 2/10 3a 0.24 0.50 20.30 4.10 4.95   
P 2/10 3b 0.23 0.50 19.38 4.01 4.83 4.90 0.07 
P 4/10 1a 0.19 0.50 16.02 3.96 4.05   
P 4/10 1b 0.19 0.50 15.68 3.90 4.02   
P 4/10 2a 0.19 0.50 15.98 4.04 3.95   
P 4/10 2b 0.19 0.50 15.65 3.99 3.92   
P 4/10 3a 0.17 0.50 14.46 3.91 3.70   
P 4/10 3b 0.15 0.50 12.64 3.92 3.22 3.81 0.29 
P 2/20 1a 0.24 0.50 19.88 3.93 5.06   
P 2/20 1b 0.24 0.50 20.27 3.90 5.20   
P 2/20 2a 0.25 0.50 21.15 4.05 5.22   
P 2/20 2b 0.26 0.50 21.50 3.92 5.48   
P 2/20 3a 0.22 0.50 18.35 4.05 4.53   
P 2/20 3b 0.22 0.50 18.40 3.95 4.66 5.02 0.33 
P 4/20 1a 0.24 0.50 19.62 4.05 4.85   
P 4/20 1b 0.24 0.50 19.86 3.92 5.07   
P 4/20 2a 0.23 0.50 19.29 3.94 4.90   
P 4/20 2b 0.22 0.50 18.12 4.00 4.53   
P 4/20 3a 0.23 0.50 18.72 3.95 4.74   
P 4/20 3b 0.21 0.50 17.09 3.98 4.29 4.73 0.25 
B 2/10 1a 0.28 0.50 22.90 4.02 5.70   
B 2/10 1b 0.28 0.50 23.07 4.02 5.74   
B 2/10 2a 0.24 0.50 20.01 4.07 4.92   
B 2/10 2b 0.24 0.50 19.90 3.99 4.99   
B 2/10 3a 0.25 0.50 20.95 3.99 5.25   
B 2/10 3b 0.27 0.50 22.62 3.95 5.73 5.39 0.35 
B 4/10 1a 0.10 0.50 8.17 3.97 2.06   
B 4/10 1b 0.14 0.50 11.37 3.91 2.91   
B 4/10 2a 0.14 0.50 11.32 3.99 2.84   
B 4/10 2b 0.14 0.50 11.36 3.92 2.90   
B 4/10 3a 0.17 0.50 14.38 4.07 3.53   
B 4/10 3b 0.18 0.50 15.26 4.04 3.78 3.00 0.55 
74 
 
B 2/20 1a 0.14 0.50 11.70 3.91 2.99   
B 2/20 1b 0.15 0.50 12.49 4.08 3.06   
B 2/20 2a 0.13 0.50 10.70 3.96 2.70   
B 2/20 2b 0.13 0.50 11.19 3.93 2.85   
B 2/20 3a 0.12 0.50 9.64 4.00 2.41   
B 2/20 3b 0.13 0.50 10.45 3.99 2.62 2.77 0.22 
B 4/20 1a 0.09 0.50 7.65 3.98 1.92   
B 4/20 1b 0.09 0.50 7.44 4.03 1.85   
B 4/20 2a 0.05 0.50 4.56 4.06 1.12   
B 4/20 2b 0.09 0.50 7.20 3.94 1.83   
B 4/20 3a 0.08 0.50 6.39 4.09 1.56   
B 4/20 3b 0.08 0.50 6.52 3.92 1.66 1.66 0.27 
 
Table 14. TBAR value (µM MDA/g meatball) for deep fat fried meatballs day 14. The average (AV) and standard deviation 
(SD) is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Volume 
filtrate 
(mL) 
Concentrat
ion (µM 
MDA/ mL 
filtrate) 
Weight  
(g) 
Concentrat 
ion (µM 
MDA/ g 
meatball) 
AV SD 
P 2/10 1a 0.24 0.50 20.15 3.99 5.05   
P 2/10 1b 0.26 0.50 22.07 4.10 5.38   
P 2/10 2a 0.23 0.50 19.69 3.97 4.96   
P 2/10 2b 0.24 0.50 20.41 3.94 5.18   
P 2/10 3a 0.24 0.50 20.39 4.01 5.08   
P 2/10 3b 0.25 0.50 21.01 4.03 5.21 5.15 0.14 
P 4/10 1a 0.18 0.50 15.44 4.01 3.85   
P 4/10 1b 0.19 0.50 15.92 4.09 3.89   
P 4/10 2a 0.21 0.50 17.58 3.98 4.42   
P 4/10 2b 0.21 0.50 17.67 3.96 4.46   
P 4/10 3a 0.20 0.50 16.61 4.03 4.12   
P 4/10 3b 0.19 0.50 15.76 4.06 3.88 4.10 0.25 
P 2/20 1a 0.28 0.50 23.23 4.06 5.72   
P 2/20 1b 0.26 0.50 22.18 3.92 5.66   
P 2/20 2a 0.29 0.50 24.14 4.02 6.00   
P 2/20 2b 0.28 0.50 23.23 3.96 5.87   
P 2/20 3a 0.30 0.50 24.91 4.02 6.20   
P 2/20 3b 0.28 0.50 23.35 4.06 5.75 5.87 0.18 
P 4/20 1a 0.22 0.50 18.39 4.03 4.56   
P 4/20 1b 0.23 0.50 19.71 4.05 4.87   
P 4/20 2a 0.20 0.50 16.48 3.98 4.14   
P 4/20 2b 0.20 0.50 16.96 3.97 4.27   
P 4/20 3a 0.22 0.50 18.50 3.99 4.64   
P 4/20 3b 0.22 0.50 18.14 3.95 4.59 4.51 0.24 
B 2/10 1a 0.10 0.50 8.10 4.08 1.99   
B 2/10 1b 0.10 0.50 8.46 4.09 2.07   
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B 2/10 2a 0.10 0.50 8.76 4.10 2.14   
B 2/10 2b 0.11 0.50 8.97 4.03 2.23   
B 2/10 3a 0.10 0.50 8.68 4.00 2.17   
B 2/10 3b 0.11 0.50 9.18 4.00 2.29 2.15 0.10 
B 4/10 1a 0.06 0.50 5.37 3.99 1.35   
B 4/10 1b 0.07 0.50 5.76 3.94 1.46   
B 4/10 2a 0.07 0.50 5.98 3.98 1.50   
B 4/10 2b 0.07 0.50 5.99 3.86 1.55   
B 4/10 3a 0.07 0.50 5.95 3.96 1.50   
B 4/10 3b 0.07 0.50 6.05 4.00 1.51 1.48 0.06 
B 2/20 1a 0.08 0.50 6.94 3.94 1.76   
B 2/20 1b 0.08 0.50 7.01 3.99 1.76   
B 2/20 2a 0.08 0.50 6.94 3.98 1.74   
B 2/20 2b 0.09 0.50 7.40 4.02 1.84   
B 2/20 3a 0.09 0.50 7.20 3.98 1.81   
B 2/20 3b 0.09 0.50 7.57 3.99 1.90 1.80 0.05 
B 4/20 1a 0.07 0.50 6.23 4.05 1.54   
B 4/20 1b 0.07 0.50 6.02 3.99 1.51   
B 4/20 2a 0.06 0.50 5.10 3.96 1.29   
B 4/20 2b 0.06 0.50 5.25 3.92 1.34   
B 4/20 3a 0.07 0.50 5.96 4.00 1.49   
B 4/20 3b 0.07 0.50 6.17 3.97 1.55 1.45 0.10 
 
Table 15.  TBAR value in µM MDA/g fat for pan-fried meatballs day 1. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance  
(534 nm - blank) - 
(600 nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount of 
fat/ meatball 
(g) 
Concentration 
(µM MDA/g fat) 
AV SD 
P 2/10 1a 0.09 4.04 18.71 0.76 4.74   
P 2/10 1b 0.10 3.99 18.71 0.75 5.24   
P 2/10 2a 0.09 3.98 18.03 0.72 4.88   
P 2/10 2b 0.08 4.02 18.03 0.72 4.48   
P 2/10 3a 0.11 3.96 18.63 0.74 5.82   
P 2/10 3b 0.10 4.02 18.63 0.75 5.20 5.06 0.43 
P 4/10 1a 0.08 4.03 11.53 0.46 7.20   
P 4/10 1b 0.06 3.93 11.53 0.45 5.52   
P 4/10 2a 0.09 4.05 11.31 0.46 7.84   
P 4/10 2b 0.11 3.97 11.31 0.45 9.36   
P 4/10 3a 0.11 4.04 11.54 0.47 9.71   
P 4/10 3b 0.10 3.95 11.54 0.46 8.86 8.08 1.43 
P 2/20 1a 0.13 4.00 26.87 1.07 4.81   
P 2/20 1b 0.14 4.01 26.87 1.08 5.08   
P 2/20 2a 0.12 3.91 26.11 1.02 4.49   
P 2/20 2b 0.09 3.94 26.11 1.03 3.51   
P 2/20 3a 0.12 3.99 26.96 1.08 4.54   
P 2/20 3b 0.11 4.03 26.96 1.09 3.92 4.39 0.53 
P 4/20 1a 0.13 3.94 26.39 1.04 4.82   
P 4/20 1b 0.13 4.03 26.39 1.06 4.92   
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P 4/20 2a 0.11 4.03 25.93 1.04 4.03   
P 4/20 2b 0.12 3.97 25.93 1.03 4.51   
P 4/20 3a 0.11 3.97 26.05 1.03 4.13   
P 4/20 3b 0.10 3.97 26.05 1.03 3.97 4.40 0.38 
B 2/10 1a 0.07 4.01 11.29 0.45 6.15   
B 2/10 1b 0.07 4.05 11.29 0.46 6.16   
B 2/10 2a 0.06 4.00 8.50 0.34 7.44   
B 2/10 2b 0.08 3.98 8.50 0.34 9.05   
B 2/10 3a 0.07 4.08 10.45 0.43 6.67   
B 2/10 3b 0.07 4.01 10.45 0.42 6.77 7.04 1.00 
B 4/10 1a 0.08 4.05 8.01 0.32 9.45   
B 4/10 1b 0.07 4.06 8.01 0.33 8.54   
B 4/10 2a 0.06 4.00 4.44 0.18 13.34   
B 4/10 2b 0.06 4.08 4.44 0.18 12.48   
B 4/10 3a 0.05 3.96 6.73 0.27 7.31   
B 4/10 3b 0.05 4.00 6.73 0.27 7.32 9.74 2.37 
B 2/20 1a 0.04 4.05 18.38 0.74 2.27   
B 2/20 1b 0.04 4.04 18.38 0.74 2.27   
B 2/20 2a 0.04 4.06 19.10 0.78 1.85   
B 2/20 2b 0.04 3.96 19.10 0.76 2.08   
B 2/20 3a 0.04 4.04 17.93 0.72 1.99   
B 2/20 3b 0.04 3.98 17.93 0.71 2.34 2.13 0.17 
B 4/20 1a 0.05 4.02 17.55 0.71 2.55   
B 4/20 1b 0.05 3.94 17.55 0.69 2.70   
B 4/20 2a 0.05 4.04 14.10 0.57 3.23   
B 4/20 2b 0.04 4.04 14.10 0.57 3.07   
B 4/20 3a 0.05 4.04 16.59 0.67 2.87   
B 4/20 3b 0.05 4.02 16.59 0.67 2.76 2.86 0.23 
 
Table 16. TBAR value in µM MDA/g fat for deep fat fried meatballs day 1. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance  
(534 nm - blank) - 
(600 nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount of 
fat/ 
meatball 
(g) 
Concentration 
(µM MDA/g fat) 
AV SD 
P 2/10 1a 0.11 3.99 15.73 0.63 6.10   
P 2/10 1b 0.12 3.93 15.73 0.62 7.21   
P 2/10 2a 0.10 4.07 15.94 0.65 5.29   
P 2/10 2b 0.10 4.03 15.94 0.64 5.36   
P 2/10 3a 0.09 3.93 15.60 0.61 5.26   
P 2/10 3b 0.09 4.00 15.60 0.62 4.75 5.66 0.80 
P 4/10 1a 0.11 4.07 14.03 0.57 6.98   
P 4/10 1b 0.11 4.03 14.03 0.57 6.78   
P 4/10 2a 0.10 3.95 14.97 0.59 6.17   
P 4/10 2b 0.10 4.08 14.97 0.61 5.88   
P 4/10 3a 0.08 3.99 14.81 0.59 4.73   
P 4/10 3b 0.07 4.00 14.81 0.59 3.73 5.71 1.15 
P 2/20 1a 0.13 4.04 27.36 1.11 4.45   
P 2/20 1b 0.13 4.02 27.36 1.10 4.39   
P 2/20 2a 0.14 4.04 26.85 1.08 4.61   
P 2/20 2b 0.14 4.05 26.85 1.09 4.86   
P 2/20 3a 0.12 3.92 27.46 1.08 3.97   
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P 2/20 3b 0.12 4.02 27.46 1.10 4.03 4.39 0.31 
P 4/20 1a 0.09 3.97 32.50 1.29 2.52   
P 4/20 1b 0.12 4.09 32.50 1.33 3.37   
P 4/20 2a 0.10 3.91 32.94 1.29 2.67   
P 4/20 2b 0.11 3.98 32.94 1.31 2.94   
P 4/20 3a 0.11 4.04 32.96 1.33 2.93   
P 4/20 3b 0.11 3.92 32.96 1.29 2.98 2.90 0.27 
B 2/10 1a 0.07 4.01 15.75 0.63 3.22   
B 2/10 1b 0.06 3.90 15.75 0.61 3.16   
B 2/10 2a 0.09 4.01 13.43 0.54 5.64   
B 2/10 2b 0.09 3.97 13.43 0.53 5.83   
B 2/10 3a 0.07 4.07 13.47 0.55 4.23   
B 2/10 3b 0.08 3.98 13.47 0.54 4.62 4.45 1.05 
B 4/10 1a 0.05 3.96 8.89 0.35 4.22   
B 4/10 1b 0.06 4.02 8.89 0.36 5.26   
B 4/10 2a 0.06 4.03 7.93 0.32 5.21   
B 4/10 2b 0.06 4.04 7.93 0.32 6.10   
B 4/10 3a 0.06 3.92 7.97 0.31 5.48   
B 4/10 3b 0.06 3.94 7.97 0.31 5.24 5.25 0.56 
B 2/20 1a 0.06 3.94 16.86 0.66 2.80   
B 2/20 1b 0.07 3.93 16.86 0.66 3.19   
B 2/20 2a 0.06 4.00 16.31 0.65 2.94   
B 2/20 2b 0.07 3.99 16.31 0.65 3.23   
B 2/20 3a 0.07 3.99 17.26 0.69 3.06   
B 2/20 3b 0.06 3.95 17.26 0.68 2.93 3.02 0.15 
B 4/20 1a 0.06 4.04 17.03 0.69 2.91   
B 4/20 1b 0.07 4.03 17.03 0.69 3.09   
B 4/20 2a 0.06 3.95 19.25 0.76 2.15   
B 4/20 2b 0.05 3.95 19.25 0.76 2.00   
B 4/20 3a 0.07 3.94 14.16 0.56 3.82   
B 4/20 3b 0.07 4.09 14.16 0.58 3.80 2.96 0.71 
 
Table 17. TBAR value in µM MDA/g fat for pan-fried meatballs day 7. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount 
of fat/ 
meatball 
(g) 
Concentration 
(µM MDA/g fat) 
AV SD 
P 2/10 1a 0.20 3.99 18.92 0.76 9.97   
P 2/10 1b 0.19 4.03 18.92 0.76 9.54   
P 2/10 2a 0.20 3.93 19.38 0.76 10.28   
P 2/10 2b 0.21 3.97 19.38 0.77 10.29   
P 2/10 3a 0.19 4.06 20.08 0.82 8.77   
P 2/10 3b 0.21 3.96 20.08 0.80 10.19 9.84 0.54 
P 4/10 1a 0.15 3.94 11.04 0.44 13.28   
P 4/10 1b 0.15 3.95 11.04 0.44 13.43   
P 4/10 2a 0.14 3.96 11.41 0.45 11.96   
P 4/10 2b 0.16 3.97 11.41 0.45 13.28   
P 4/10 3a 0.17 4.08 12.64 0.52 12.23   
P 4/10 3b 0.17 4.02 12.64 0.51 12.55 12.79 0.57 
P 2/20 1a 0.18 4.02 27.94 1.12 5.99   
P 2/20 1b 0.17 3.99 27.94 1.11 5.96   
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P 2/20 2a 0.20 3.93 27.92 1.10 7.00   
P 2/20 2b 0.19 3.93 27.92 1.10 6.63   
P 2/20 3a 0.23 3.98 28.83 1.15 7.89   
P 2/20 3b 0.22 3.95 28.83 1.14 7.38 6.81 0.70 
P 4/20 1a 0.22 4.03 26.36 1.06 8.02   
P 4/20 1b 0.21 3.90 26.36 1.03 7.97   
P 4/20 2a 0.20 4.00 26.86 1.07 7.21   
P 4/20 2b 0.20 4.08 26.86 1.10 7.00   
P 4/20 3a 0.21 3.96 26.89 1.06 7.75   
P 4/20 3b 0.23 4.02 26.89 1.08 8.08 7.67 0.42 
B 2/10 1a 0.22 4.01 8.81 0.35 23.82   
B 2/10 1b 0.21 3.94 8.81 0.35 23.00   
B 2/10 2a 0.21 4.05 9.45 0.38 21.30   
B 2/10 2b 0.24 3.97 9.45 0.38 24.39   
B 2/10 3a 0.23 4.04 8.95 0.36 25.13   
B 2/10 3b 0.21 4.03 8.95 0.36 22.49 23.36 1.26 
B 4/10 1a 0.08 4.08 7.78 0.32 9.56   
B 4/10 1b 0.08 3.95 7.78 0.31 8.93   
B 4/10 2a 0.09 4.05 8.68 0.35 9.73   
B 4/10 2b 0.10 4.03 8.68 0.35 10.91   
B 4/10 3a 0.09 4.06 8.22 0.33 9.32   
B 4/10 3b 0.09 3.97 8.22 0.33 9.94 9.73 0.62 
B 2/20 1a 0.07 3.97 20.47 0.81 2.79   
B 2/20 1b 0.06 3.98 20.47 0.81 2.40   
B 2/20 2a 0.08 4.04 20.79 0.84 3.47   
B 2/20 2b 0.07 3.93 20.79 0.82 3.10   
B 2/20 3a 0.11 3.96 22.23 0.88 4.44   
B 2/20 3b 0.09 4.04 22.23 0.90 3.71 3.32 0.66 
B 4/20 1a 0.08 4.10 18.19 0.75 3.60   
B 4/20 1b 0.07 3.97 18.19 0.72 3.60   
B 4/20 2a 0.09 3.92 20.16 0.79 4.26   
B 4/20 2b 0.09 3.93 20.16 0.79 3.93   
B 4/20 3a 0.08 3.93 20.17 0.79 3.79   
B 4/20 3b 0.08 4.10 20.17 0.83 3.64 3.81 0.24 
 
Table 18. TBAR value in µM MDA/g fat for deep fat fried meatballs day 7. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount 
of fat/ 
meatball 
(g) 
Concentration 
(µM MDA/g fat) 
AV SD 
P 2/10 1a 0.21 3.99 15.84 0.63 13.88   
P 2/10 1b 0.21 4.06 15.84 0.64 13.66   
P 2/10 2a 0.22 4.06 14.86 0.60 14.93   
P 2/10 2b 0.23 4.05 14.86 0.60 15.48   
P 2/10 3a 0.19 3.94 15.54 0.61 12.77   
P 2/10 3b 0.20 4.04 15.54 0.63 12.96 13.95 0.98 
P 4/10 1a 0.17 4.04 15.74 0.64 10.85   
P 4/10 1b 0.17 3.99 15.74 0.63 11.05   
P 4/10 2a 0.16 4.03 14.90 0.60 11.25   
P 4/10 2b 0.16 4.03 14.90 0.60 11.00   
P 4/10 3a 0.16 3.99 14.78 0.59 11.19   
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P 4/10 3b 0.17 4.01 14.78 0.59 11.79 11.19 0.30 
P 2/20 1a 0.25 4.07 26.54 1.08 9.37   
P 2/20 1b 0.24 3.97 26.54 1.05 9.35   
P 2/20 2a 0.25 4.04 27.35 1.10 9.21   
P 2/20 2b 0.25 4.09 27.35 1.12 9.18   
P 2/20 3a 0.24 3.97 26.23 1.04 9.63   
P 2/20 3b 0.24 4.03 26.23 1.06 9.19 9.32 0.16 
P 4/20 1a 0.20 4.09 33.03 1.35 6.07   
P 4/20 1b 0.20 4.09 33.03 1.35 5.96   
P 4/20 2a 0.20 4.03 32.41 1.31 6.38   
P 4/20 2b 0.20 4.06 32.41 1.32 6.29   
P 4/20 3a 0.21 4.01 32.64 1.31 6.66   
P 4/20 3b 0.21 3.99 32.64 1.30 6.55 6.32 0.25 
B 2/10 1a 0.09 3.99 12.93 0.52 7.48   
B 2/10 1b 0.10 3.99 12.93 0.52 7.62   
B 2/10 2a 0.08 3.99 13.53 0.54 6.37   
B 2/10 2b 0.08 4.04 13.53 0.55 6.04   
B 2/10 3a 0.08 4.00 14.36 0.57 5.91   
B 2/10 3b 0.08 3.98 14.36 0.57 6.09 6.59 0.70 
B 4/10 1a 0.07 4.06 6.59 0.27 10.02   
B 4/10 1b 0.07 3.97 6.59 0.26 10.28   
B 4/10 2a 0.06 3.90 6.76 0.26 9.80   
B 4/10 2b 0.07 4.01 6.76 0.27 9.91   
B 4/10 3a 0.07 3.93 10.32 0.41 6.90   
B 4/10 3b 0.07 4.02 10.32 0.41 6.79 8.95 1.50 
B 2/20 1a 0.09 4.09 17.84 0.73 4.99   
B 2/20 1b 0.09 3.98 17.84 0.71 5.10   
B 2/20 2a 0.08 3.94 15.58 0.61 5.48   
B 2/20 2b 0.07 3.93 15.58 0.61 5.03   
B 2/20 3a 0.08 4.03 16.03 0.65 5.22   
B 2/20 3b 0.09 4.05 16.03 0.65 5.52 5.22 0.21 
B 4/20 1a 0.07 4.01 16.28 0.65 4.27   
B 4/20 1b 0.07 3.92 16.28 0.64 4.41   
B 4/20 2a 0.07 3.97 21.89 0.87 3.41   
B 4/20 2b 0.07 4.03 21.89 0.88 3.49   
B 4/20 3a 0.06 3.96 16.25 0.64 4.11   
B 4/20 3b 0.07 3.95 16.25 0.64 4.21 3.98 0.39 
 
Table 19. TBAR value in µM MDA/g fat for pan-fried meatballs day 14. The average (AV) and standard deviation (SD) is 
calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount 
of fat/ 
meatball 
(g) 
Concentration 
(µM MDA/g 
fat) 
AV SD 
P 2/10 1a 0.24 4.10 20.08 0.82 12.03   
P 2/10 1b 0.25 4.05 20.08 0.81 12.54   
P 2/10 2a 0.24 4.03 19.70 0.79 12.33   
P 2/10 2b 0.24 4.04 19.70 0.80 12.49   
P 2/10 3a 0.24 4.10 19.36 0.79 12.79   
P 2/10 3b 0.23 4.01 19.36 0.78 12.48 12.44 0.23 
P 4/10 1a 0.19 3.96 12.63 0.50 16.01   
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P 4/10 1b 0.19 3.90 12.63 0.49 15.92   
P 4/10 2a 0.19 4.04 11.91 0.48 16.60   
P 4/10 2b 0.19 3.99 11.91 0.48 16.47   
P 4/10 3a 0.17 3.91 11.36 0.44 16.28   
P 4/10 3b 0.15 3.92 11.36 0.45 14.19 15.91 0.81 
P 2/20 1a 0.24 3.93 28.96 1.14 8.73   
P 2/20 1b 0.24 3.90 28.96 1.13 8.97   
P 2/20 2a 0.25 4.05 28.46 1.15 9.17   
P 2/20 2b 0.26 3.92 28.46 1.12 9.63   
P 2/20 3a 0.22 4.05 27.36 1.11 8.28   
P 2/20 3b 0.22 3.95 27.36 1.08 8.51 8.88 0.44 
P 4/20 1a 0.24 4.05 27.53 1.11 8.80   
P 4/20 1b 0.24 3.92 27.53 1.08 9.20   
P 4/20 2a 0.23 3.94 26.90 1.06 9.10   
P 4/20 2b 0.22 4.00 26.90 1.08 8.42   
P 4/20 3a 0.23 3.95 27.40 1.08 8.65   
P 4/20 3b 0.21 3.98 27.40 1.09 7.83 8.67 0.46 
B 2/10 1a 0.28 4.02 10.58 0.43 26.91   
B 2/10 1b 0.28 4.02 10.58 0.43 27.11   
B 2/10 2a 0.24 4.07 12.49 0.51 19.68   
B 2/10 2b 0.24 3.99 12.49 0.50 19.95   
B 2/10 3a 0.25 3.99 10.85 0.43 24.20   
B 2/10 3b 0.27 3.95 10.85 0.43 26.40 24.04 3.14 
B 4/10 1a 0.10 3.97 8.83 0.35 11.65   
B 4/10 1b 0.14 3.91 8.83 0.35 16.46   
B 4/10 2a 0.14 3.99 7.24 0.29 19.59   
B 4/10 2b 0.14 3.92 7.24 0.28 20.02   
B 4/10 3a 0.17 4.07 9.22 0.38 19.16   
B 4/10 3b 0.18 4.04 9.22 0.37 20.48 17.89 3.07 
B 2/20 1a 0.14 3.91 22.18 0.87 6.75   
B 2/20 1b 0.15 4.08 22.18 0.90 6.90   
B 2/20 2a 0.13 3.96 21.72 0.86 6.22   
B 2/20 2b 0.13 3.93 21.72 0.85 6.55   
B 2/20 3a 0.12 4.00 21.57 0.86 5.59   
B 2/20 3b 0.13 3.99 21.57 0.86 6.07 6.35 0.44 
B 4/20 1a 0.09 3.98 19.95 0.79 4.82   
B 4/20 1b 0.09 4.03 19.95 0.80 4.63   
B 4/20 2a 0.05 4.06 18.54 0.75 3.03   
B 4/20 2b 0.09 3.94 18.54 0.73 4.92   
B 4/20 3a 0.08 4.09 18.29 0.75 4.27   
B 4/20 3b 0.08 3.92 18.29 0.72 4.54 4.37 0.63 
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Table 20. TBAR value in µM MDA/g fat for deep fat fried meatballs day 14. The average (AV) and standard deviation (SD) 
is calculated. 
Sample Absorbance (534 
nm - blank) - (600 
nm - blank) 
Weight 
(g) 
End fat 
content 
(%) 
Amount 
of fat/ 
meatball 
(g) 
Concentration 
(µM MDA/g 
fat) 
AV SD 
P 2/10 1a 0.24 3.99 15.81 0.63 15.97   
P 2/10 1b 0.26 4.10 15.81 0.65 17.03   
P 2/10 2a 0.23 3.97 15.94 0.63 15.55   
P 2/10 2b 0.24 3.94 15.94 0.63 16.25   
P 2/10 3a 0.24 4.01 15.83 0.63 16.06   
P 2/10 3b 0.25 4.03 15.83 0.64 16.47 16.22 0.45 
P 4/10 1a 0.18 4.01 15.17 0.61 12.69   
P 4/10 1b 0.19 4.09 15.17 0.62 12.83   
P 4/10 2a 0.21 3.98 14.41 0.57 15.32   
P 4/10 2b 0.21 3.96 14.41 0.57 15.48   
P 4/10 3a 0.20 4.03 15.60 0.63 13.21   
P 4/10 3b 0.19 4.06 15.60 0.63 12.44 13.66 1.25 
P 2/20 1a 0.28 4.06 25.50 1.04 11.22   
P 2/20 1b 0.26 3.92 25.50 1.00 11.10   
P 2/20 2a 0.29 4.02 27.88 1.12 10.77   
P 2/20 2b 0.28 3.96 27.88 1.10 10.52   
P 2/20 3a 0.30 4.02 26.62 1.07 11.64   
P 2/20 3b 0.28 4.06 26.62 1.08 10.80 11.01 0.36 
P 4/20 1a 0.22 4.03 32.13 1.29 7.10   
P 4/20 1b 0.23 4.05 32.13 1.30 7.57   
P 4/20 2a 0.20 3.98 31.19 1.24 6.64   
P 4/20 2b 0.20 3.97 31.19 1.24 6.85   
P 4/20 3a 0.22 3.99 32.47 1.30 7.14   
P 4/20 3b 0.22 3.95 32.47 1.28 7.07 7.06 0.29 
B 2/10 1a 0.10 4.08 14.05 0.57 7.07   
B 2/10 1b 0.10 4.09 14.05 0.57 7.37   
B 2/10 2a 0.10 4.10 13.55 0.56 7.88   
B 2/10 2b 0.11 4.03 13.55 0.55 8.21   
B 2/10 3a 0.10 4.00 13.81 0.55 7.85   
B 2/10 3b 0.11 4.00 13.81 0.55 8.30 7.78 0.44 
B 4/10 1a 0.06 3.99 9.30 0.37 7.24   
B 4/10 1b 0.07 3.94 9.30 0.37 7.86   
B 4/10 2a 0.07 3.98 7.87 0.31 9.54   
B 4/10 2b 0.07 3.86 7.87 0.30 9.85   
B 4/10 3a 0.07 3.96 5.42 0.21 13.87   
B 4/10 3b 0.07 4.00 5.42 0.22 13.94 10.38 2.65 
B 2/20 1a 0.08 3.94 16.60 0.65 5.30   
B 2/20 1b 0.08 3.99 16.60 0.66 5.29   
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B 2/20 2a 0.08 3.98 15.78 0.63 5.52   
B 2/20 2b 0.09 4.02 15.78 0.63 5.83   
B 2/20 3a 0.09 3.98 19.02 0.76 4.76   
B 2/20 3b 0.09 3.99 19.02 0.76 4.99 5.28 0.35 
B 4/20 1a 0.07 4.05 18.71 0.76 4.11   
B 4/20 1b 0.07 3.99 18.71 0.75 4.03   
B 4/20 2a 0.06 3.96 17.02 0.67 3.79   
B 4/20 2b 0.06 3.92 17.02 0.67 3.94   
B 4/20 3a 0.07 4.00 16.73 0.67 4.45   
B 4/20 3b 0.07 3.97 16.73 0.66 4.65 4.16 0.30 
 
Table 21. Total polyphenols of the olive polyphenol powder (OPP), oregano oil and rosemary oil (g/ 100 g). Blank is water 
plus reagent. Values of absorbance and calculated data. The average (AV) and standard deviation (SD) is calculated.  
Sample Absorbance - 
blank (nm) 
Concentration 
of polyphenols 
in diluted 
sample (mg/ L) 
Concentration 
of polyphenols 
in undiluted 
sample (mg/ L) 
Concentration 
of polyphenols 
in samples (g/ 
100 g sample) 
AV SD 
OPP 
sample 1 
0.321 100.2 1001.8 10.0   
OPP 
sample 1 
0.321 100.2 1002.4 10.0   
OPP 
sample 1 
0.316 98.6 986.1 9.9   
OPP 
sample 2 
0.319 99.7 996.8 10.0   
OPP 
sample 2 
0.321 100.2 1001.8 10.0   
OPP 
sample 2 
0.316 98.6 986.1 9.9   
OPP 
sample 3 
0.317 99.0 989.9 9.9   
OPP 
sample 3 
0.319 99.5 995.2 10.0   
OPP 
sample 3 
0.319 99.5 994.6 9.9 9.9 0.1 
Oregano 
sample 1 
0.160 50.1 500.5 66.6   
Oregano 
sample 1 
0.163 50.8 508.0 67.6   
Oregano 
sample 1 
0.161 50.3 502.7 66.9   
Oregano 
sample 2 
0.162 50.5 504.9 67.2   
Oregano 
sample 2 
0.164 51.1 511.5 68.1   
Oregano 
sample 2 
0.163 50.8 507.7 67.6   
Oregano 
sample 3 
0.161 50.3 503.0 67.0   
Oregano 
sample 3 
0.162 50.5 505.2 67.3   
Oregano 
sample 3 
0.164 51.1 511.1 68.0 67.4 0.5 
Rosemary 
sample 1 
0.143 44.7 44.7 0.0   
Rosemary 0.145 45.3 45.3 0.0   
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sample 1 
Rosemary 
sample 1 
0.121 37.7 37.7 0.0 0.00
47 
0.00
04 
 
Table 22. Results from ABTS assay, the results are displayed as µM TE. Concentration of OPP and oregano is 50, 100 and 
200 ppm, while rosemary is in pure form. Blank is water plus reagent. Values of absorbance and calculated data are 
shown. The averages (AV) and standard deviation (SD) are calculated.   
Sample and ppm Absorbance- blank (nm) % Inhibition Concentration (µM TE) AV SD 
OPP50 0.258 63.3 381.2   
OPP50 0.257 63.4 382.1   
OPP50 0.253 64 385.6 383.0 1.9 
OPP100 0.283 59.7 718.5   
OPP100 0.284 59.6 716.9   
OPP100 0.278 60.4 726.2 720.5 4.1 
OPP200 0.309 56 1120.3   
OPP200 0.304 56.8 1135.5   
OPP200 0.306 56.4 1128.8 1128.2 6.2 
Ore50 0.411 41.5 247   
Ore50 0.414 41.1 244.3   
Ore50 0.424 39.6 235.3 242.2 5.02 
Ore100 0.426 39.3 467.6   
Ore100 0.419 40.3 479.3   
Ore100 0.429 38.9 462.5 469.8 7.1 
Ore200 0.371 47.1 937.6   
Ore200 0.376 46.5 924.2   
Ore200 0.369 47.4 943.7 935.2 8.2 
Ros pure 0.703 -0.1 -29.5 -  
Ros pure 0.716 -2 -69.5 -  
Ros pure 0.697 0.7 -14.3 - - 
 
Table 23. Results from FRAP assay (µM TE) Concentration of OPP is 50, 100 and 200 ppm polyphenol and the 
concentration for oregano oil (Ore) is 50, 100, 200, 400 and 800 ppm. Values of absorbance and calculated data in shown. 
Blank is water plus reagent. The averages (AV) and standard deviation (SD) are calculated.  
Sample and ppm Absorbance- blank (nm) Concentration  (µM TE) AV SD 
OPP50 0.324 273.2   
OPP50 0.339 285.8   
OPP50 0.341 287.2 282.1 6.3 
OPP100 0.614 515.3   
OPP100 0.637 534.4   
OPP100 0.621 521 523.6 8.0 
OPP200 1.158 968.3   
OPP200 1.179 985.5   
OPP200 1.181 987.8 980.5 8.7 
Ore50 0.088 76.8   
Ore50 0.076 66.8   
Ore50 0.079 69.5 71.0 4.3 
84 
 
Ore100 0.079 68.8   
Ore100 0.091 79.2   
Ore100 0.092 79.7 75.9 5.0 
Ore200 0.106 92   
Ore200 0.103 88.8   
Ore200 0.097 84.5 88.4 3.1 
Ore400 0.314 265.3   
Ore400 0.361 304   
Ore400 0.311 262.6 277.3 18.9 
Ore800 0.459 385.7   
Ore800 0.468 393.6   
Ore800 0.442 371.3 383.5 9.2 
 
Table 24. Total weight loss, water loss and fat loss for meatball with antioxidants. The average (AV) and standard 
deviation (SD) is calculated. 
Sample % Total 
weight 
loss 
AV SD % 
Water 
loss 
AV SD % Fat 
loss 
AV SD 
P 2/10 OPP100-1 15.27   11.32   3.95   
P 2/10 OPP100-2 16.10   11.82   4.28   
P 2/10 OPP100-3 16.60   12.13   4.47   
P 2/10 OPP100-4 15.23   11.30   3.94   
P 2/10 OPP100-5 14.74   11.00   3.74   
P 2/10 OPP100-6 14.14   10.64   3.51   
P 2/10 OPP100-7 13.30 15.05 1.04 10.12 11.19 0.63 3.17 3.87 0.41 
P 2/10 OPP200-1 15.24   14.18   1.06   
P 2/10 OPP200-2 17.35   15.42   1.93   
P 2/10 OPP200-3 15.02   14.04   0.97   
P 2/10 OPP200-4 14.47   13.72   0.75   
P 2/10 OPP200-5 14.67   13.84   0.83   
P 2/10 OPP200-6 13.03   12.88   0.16   
P 2/10 OPP200-7 13.95 14.82 1.24 13.42 13.93 0.73 0.53 0.89 0.51 
P 2/10 Ore100-1 13.44   11.38   2.06   
P 2/10 Ore100-2 15.01   12.33   2.68   
P 2/10 Ore100-3 14.67   12.13   2.54   
P 2/10 Ore100-4 13.01   11.12   1.89   
P 2/10 Ore100-5 12.63   10.89   1.75   
P 2/10 Ore100-6 13.08   11.16   1.92   
P 2/10 Ore100-7 14.16 13.71 0.84 11.82 11.55 0.51 2.34 2.17 0.33 
P 2/10 Ore200-1 15.33   12.95   2.38   
P 2/10 Ore200-2 15.47   13.03   2.44   
P 2/10 Ore200-3 14.11   12.20   1.91   
P 2/10 Ore200-4 13.50   11.83   1.67   
P 2/10 Ore200-5 14.07   12.18   1.89   
P 2/10 Ore200-6 13.18   11.63   1.54   
P 2/10 Ore200-7 13.39 14.15 0.85 11.76 12.23 0.52 1.63 1.92 0.33 
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P 2/10 control-1 14.15   13.76   0.39   
P 2/10 control-2 15.39   14.46   0.94   
P 2/10 control-3 15.32   14.42   0.91   
P 2/10 control-4 13.00   13.11   -0.11   
P 2/10 control-5 13.54   13.41   0.13   
P 2/10 control-6 13.32   13.29   0.03   
P 2/10 control-7 14.63 14.19 0.89 14.03 13.78 0.50 0.60 0.41 0.39 
B 2/10 OPP100-1 26.89   20.96   5.93   
B 2/10 OPP100-2 29.36   22.44   6.93   
B 2/10 OPP100-3 29.61   22.58   7.03   
B 2/10 OPP100-4 29.47   22.50   6.97   
B 2/10 OPP100-5 26.80   20.91   5.89   
B 2/10 OPP100-6 26.25   20.58   5.67   
B 2/10 OPP100-7 30.49 28.41 1.57 23.11 21.87 0.94 7.38 6.54 0.64 
B 2/10 OPP200-1 24.98   18.62   6.36   
B 2/10 OPP200-2 24.35   18.23   6.12   
B 2/10 OPP200-3 23.19   17.52   5.67   
B 2/10 OPP200-4 23.21   17.53   5.68   
B 2/10 OPP200-5 24.80   18.51   6.29   
B 2/10 OPP200-6 22.86   17.32   5.55   
B 2/10 OPP200-7 22.98 23.77 0.84 17.39 17.87 0.52 5.59 5.89 0.32 
B 2/10 Ore100-1 21.82   18.14   3.68   
B 2/10 Ore100-2 23.00   18.84   4.15   
B 2/10 Ore100-3 24.83   19.95   4.89   
B 2/10 Ore100-4 27.97   21.83   6.14   
B 2/10 Ore100-5 27.60   21.61   5.99   
B 2/10 Ore100-6 23.98   19.44   4.55   
B 2/10 Ore100-7 25.63 24.97 2.11 20.42 20.03 1.26 5.21 4.94 0.84 
B 2/10 Ore200-1 22.94   18.95   3.99   
B 2/10 Ore200-2 22.85   18.89   3.95   
B 2/10 Ore200-3 21.80   18.26   3.54   
B 2/10 Ore200-4 24.12   19.67   4.45   
B 2/10 Ore200-5 25.70   20.62   5.07   
B 2/10 Ore200-6 23.93   19.55   4.38   
B 2/10 Ore200-7 24.62 23.71 1.19 19.97 19.42 0.72 4.65 4.29 0.47 
B 2/10 control-1 19.17   15.59   3.58   
B 2/10 control-2 20.21   16.22   4.00   
B 2/10 control-3 22.12   17.37   4.75   
B 2/10 control-4 22.19   17.41   4.78   
B 2/10 control-5 19.91   16.03   3.88   
B 2/10 control-6 20.05   16.12   3.93   
B 2/10 control-7 19.60 20.47 1.11 15.85 16.37 0.67 3.75 4.10 0.44 
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Table 25. TBAR value in µM MDA/g meatball for meatballs with antioxidants. Concentrations of OPP and oregano oil are 
100 and 200 ppm polyphenol. Values of absorbance and calculated data in shown. Blank is water plus reagent. The 
averages (AV) and standard deviation (SD) are calculated. 
Sample Absorbance  
(534 nm - blank) - 
(600 nm - blank) 
Volume 
filtrate 
(mL) 
Concentrat
ion (µM 
MDA/mL 
filtrate) 
Weight Concentrat
ion (µM 
MDA/g 
meatball) 
AV SD 
P OPP100-1a 0.08 0.50 6.83 3.94 1.73   
P OPP100-1b 0.08 0.50 7.28 4.04 1.80   
P OPP100-2a 0.07 0.50 5.81 4.00 1.45   
P OPP100-2b 0.06 0.50 5.55 3.99 1.39   
P OPP100-3a 0.07 0.50 6.31 3.93 1.61   
P OPP100-3b 0.07 0.50 6.57 4.07 1.61 1.60 0.14 
P OPP200-1a 0.03 0.50 2.59 3.98 0.65   
P OPP200-1b 0.03 0.50 2.89 3.99 0.72   
P OPP200-2a 0.02 0.50 2.30 4.07 0.56   
P OPP200-2b 0.03 0.50 2.69 3.95 0.68   
P OPP200-3a 0.03 0.50 2.52 3.93 0.64   
P OPP200-3b 0.03 0.50 2.64 3.96 0.67 0.65 0.05 
P Ore100-1a 0.13 0.50 11.30 4.02 2.81   
P Ore100-1b 0.14 0.50 12.01 4.06 2.96   
P Ore100-2a 0.15 0.50 12.48 3.95 3.16   
P Ore100-2b 0.15 0.50 13.02 4.06 3.21   
P Ore100-3a 0.14 0.50 12.16 4.04 3.01   
P Ore100-3b 0.14 0.50 12.28 4.09 3.00 3.02 0.13 
P Ore200-1a 0.07 0.50 6.62 3.99 1.66   
P Ore200-1b 0.09 0.50 7.98 4.08 1.96   
P Ore200-2a 0.07 0.50 5.83 4.06 1.44   
P Ore200-2b 0.07 0.50 6.54 4.01 1.63   
P Ore200-3a 0.07 0.50 6.01 3.98 1.51   
P Ore200-3b 0.08 0.50 6.82 4.05 1.68 1.65 0.16 
P control-1a 0.22 0.50 18.83 4.09 4.60   
P control-1b 0.23 0.50 19.14 3.97 4.82   
P control-2a 0.25 0.50 21.46 3.99 5.38   
P control-2b 0.25 0.50 20.86 4.01 5.20   
P control-3a 0.24 0.50 20.15 4.07 4.95   
P control-3b 0.24 0.50 20.34 4.08 4.98 4.99 0.25 
B OBB100-1a 0.07 0.50 6.48 4.07 1.59   
B OBB100-1b 0.09 0.50 8.17 4.08 2.00   
B OBB100-2a 0.07 0.50 6.10 4.03 1.51   
B OBB100-2b 0.07 0.50 5.93 4.00 1.48   
B OBB100-3a 0.07 0.50 6.02 4.04 1.49   
B OBB100-3b 0.07 0.50 5.97 4.10 1.46 1.59 0.19 
B OBB200-1a 0.05 0.50 4.37 4.03 1.08   
B OBB200-1b 0.05 0.50 4.22 4.00 1.05   
B OBB200-2a 0.04 0.50 3.55 3.98 0.89   
B OBB200-2b 0.06 0.50 5.03 3.96 1.27   
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B OBB200-3a 0.05 0.50 4.80 4.09 1.17   
B OBB200-3b 0.05 0.50 4.69 4.03 1.16 1.11 0.12 
B Ore100-1a 0.16 0.50 13.59 4.01 3.39   
B Ore100-1b 0.16 0.50 13.81 3.93 3.51   
B Ore100-2a 0.15 0.50 13.17 4.01 3.28   
B Ore100-2b 0.16 0.50 13.67 3.97 3.44   
B Ore100-3a 0.15 0.50 13.13 4.04 3.25   
B Ore100-3b 0.16 0.50 13.67 4.08 3.35 3.37 0.09 
B Ore200-1a 0.14 0.50 12.07 4.00 3.02   
B Ore200-1b 0.15 0.50 12.73 4.02 3.17   
B Ore200-2a 0.14 0.50 12.39 4.06 3.05   
B Ore200-2b 0.14 0.50 12.12 4.02 3.02   
B Ore200-3a 0.14 0.50 11.77 4.02 2.93   
B Ore200-3b 0.14 0.50 12.08 3.95 3.06 3.04 0.07 
B control-1a 0.20 0.50 17.30 3.94 4.39   
B control-1b 0.20 0.50 17.17 3.94 4.36   
B control-2a 0.22 0.50 18.73 3.94 4.75   
B control-2b 0.22 0.50 18.42 4.05 4.55   
B control-3a 0.21 0.50 18.12 4.03 4.50   
B control-3b 0.21 0.50 17.56 4.03 4.36 4.48 0.14 
 
Table 26.  TBAR value in µM MDA/g fat for meatballs with antioxidants. Concentrations of OPP and oregano oil are 100 
and 200 ppm polyphenol. Values of absorbance and calculated data in shown. Blank is water plus reagent. The averages 
(AV) and standard deviation (SD) are calculated. 
Sample Absorbance 
(534 nm - 
blank) - (600 
nm - blank) 
Fat in the 
meatballs 
after 
frying (%) 
Weight Amount 
of fat per 
meatball 
(g) 
Concentration 
(µM MDA/ g 
fat) 
AV SD 
P OPP100-1a 0.08 7.91 3.94 0.31 10.96   
P OPP100-1b 0.08 7.91 4.04 0.32 11.39   
P OPP100-2a 0.07 7.60 4.00 0.30 9.57   
P OPP100-2b 0.06 7.60 3.99 0.30 9.15   
P OPP100-3a 0.07 7.40 3.93 0.29 10.85   
P OPP100-3b 0.07 7.40 4.07 0.30 10.90 10.47 0.81 
P OPP200-1a 0.03 11.31 3.98 0.45 2.87   
P OPP200-1b 0.03 11.31 3.99 0.45 3.20   
P OPP200-2a 0.02 10.55 4.07 0.43 2.67   
P OPP200-2b 0.03 10.55 3.95 0.42 3.23   
P OPP200-3a 0.03 11.39 3.93 0.45 2.82   
P OPP200-3b 0.03 11.39 3.96 0.45 2.92 2.95 0.20 
P Ore100-1a 0.13 9.92 4.02 0.40 14.17   
P Ore100-1b 0.14 9.92 4.06 0.40 14.91   
P Ore100-2a 0.15 9.38 3.95 0.37 16.84   
P Ore100-2b 0.15 9.38 4.06 0.38 17.09   
P Ore100-3a 0.14 9.50 4.04 0.38 15.84   
P Ore100-3b 0.14 9.50 4.09 0.39 15.80 15.78 1.01 
P Ore200-1a 0.07 9.76 3.99 0.39 8.50   
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P Ore200-1b 0.09 9.76 4.08 0.40 10.02   
P Ore200-2a 0.07 9.71 4.06 0.39 7.39   
P Ore200-2b 0.07 9.71 4.01 0.39 8.39   
P Ore200-3a 0.07 10.18 3.98 0.41 7.42   
P Ore200-3b 0.08 10.18 4.05 0.41 8.27 8.33 0.87 
P control-1a 0.22 11.95 4.09 0.49 19.27   
P control-1b 0.23 11.95 3.97 0.47 20.18   
P control-2a 0.25 11.48 3.99 0.46 23.42   
P control-2b 0.25 11.48 4.01 0.46 22.66   
P control-3a 0.24 11.51 4.07 0.47 21.52   
P control-3b 0.24 11.51 4.08 0.47 21.66 21.45 1.40 
P OPP100-1a 0.07 4.55 4.07 0.19 17.50   
P OPP100-1b 0.09 4.55 4.08 0.19 21.99   
P OPP100-2a 0.07 3.30 4.03 0.13 22.95   
P OPP100-2b 0.07 3.30 4.00 0.13 22.46   
P OPP100-3a 0.07 3.17 4.04 0.13 23.51   
P OPP100-3b 0.07 3.17 4.10 0.13 22.97 21.90 2.02 
P OPP200-1a 0.05 3.86 4.03 0.16 14.04   
P OPP200-1b 0.05 3.86 4.00 0.15 13.66   
P OPP200-2a 0.04 4.15 3.98 0.17 10.76   
P OPP200-2b 0.06 4.15 3.96 0.16 15.31   
P OPP200-3a 0.05 4.66 4.09 0.19 12.57   
P OPP200-3b 0.05 4.66 4.03 0.19 12.47 13.13 1.43 
P Ore100-1a 0.16 7.13 4.01 0.29 23.77   
P Ore100-1b 0.16 7.13 3.93 0.28 24.64   
P Ore100-2a 0.15 6.63 4.01 0.27 24.77   
P Ore100-2b 0.16 6.63 3.97 0.26 25.97   
P Ore100-3a 0.15 5.81 4.04 0.23 27.96   
P Ore100-3b 0.16 5.81 4.08 0.24 28.82 25.99 1.83 
P Ore200-1a 0.14 6.83 4.00 0.27 22.08   
P Ore200-1b 0.15 6.83 4.02 0.27 23.18   
P Ore200-2a 0.14 6.87 4.06 0.28 22.21   
P Ore200-2b 0.14 6.87 4.02 0.28 21.95   
P Ore200-3a 0.14 7.30 4.02 0.29 20.04   
P Ore200-3b 0.14 7.30 3.95 0.29 20.94 21.73 1.00 
P control-1a 0.20 7.02 3.94 0.28 31.29   
P control-1b 0.20 7.02 3.94 0.28 31.05   
P control-2a 0.22 6.59 3.94 0.26 36.06   
P control-2b 0.22 6.59 4.05 0.27 34.51   
P control-3a 0.21 5.78 4.03 0.23 38.86   
P control-3b 0.21 5.78 4.03 0.23 37.67 34.91 2.96 
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Table 27. Results from the sensory evaluation of the meatballs, all parameters were judged from 1 (low) – 9 (high). The 
average (AV) and standard deviation (SD) is calculated. 
Sample Colo
ur 
A
V 
S
D 
Com
pact
ness 
A
V 
S
D 
Meat 
taste 
A
V 
S
D 
Off 
flavour 
A
V 
S
D 
Total 
impres
sion 
A
V 
S
D 
P OPP100 4   4   6   0   6   
P OPP100 2   5   8   0   8   
P OPP100 3   5   7   1   9   
P OPP100 4   5   8   0   6   
P OPP100 4   4   7   1   6   
P OPP100 4 4 1 4 5 1 4 7 1 2 1 1 6 7 1 
P OPP200 4   2   5   0   7   
P OPP200 4   6   7   2   9   
P OPP200 2   4   8   0   8   
P OPP200 3   4   7   0   7   
P OPP200 4   2   6   2   5   
P OPP200 5 4 1 4 4 1 7 7 1 1 1 1 8 7 1 
P Ore100 4   4   6   5   5   
P Ore100 4   5   4   8   7   
P Ore100 2   5   6   4   7   
P Ore100 4   4   6   0   6   
P Ore100 2   4   3   8   6   
P Ore100 4 3 1 3 4 1 6 5 1 2 5 3 8 7 1 
P Ore200 5   5   6   4   7   
P Ore200 2   2   3   7   7   
P Ore200 5   5   6   0   6   
P Ore200 3   5   2   9   7   
P Ore200 4   3   2   8   6   
P Ore200 2 4 1 4 4 1 5 4 2 5 6 3 5 6 1 
P control 3   5   8   0   7   
P control 4   6   7   2   6   
P control 4   6   6   0   7   
P control 3   4   5   0   7   
P control 3   4   6   2   6   
P control 4 4 1 5 5 1 6 6 1 1 1 1 6 7 1 
B OPP100 8   7   7   2   4   
B OPP100 6   7   8   2   7   
B OPP100 8   7   6   0   5   
B OPP100 9   8   7   1   4   
B OPP100 8   8   7   0   5   
B OPP100 8 8 1 7 7 0 8 7 1 1 1 1 7 5 1 
B OPP200 8   6   4   3   4   
B OPP200 7   6   6   1   7   
B OPP200 7   6   7   0   5   
B OPP200 8   7   6   1   7   
B OPP200 8   9   4   0   6   
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B OPP200 8 8 0 8 7 1 7 6 1 1 1 1 8 6 1 
B Ore100 8   8   7   3   6   
B Ore100 8   8   8   2   5   
B Ore100 7   6   6   0   7   
B Ore100 8   6   5   3   7   
B Ore100 8   7   6   0   6   
B Ore100 7 8 0 8 7 1 6 6 1 0 1 1 8 7 1 
B Ore200 8   6   5   8   6   
B Ore200 8   8   4   8   7   
B Ore200 8   6   4   6   5   
B Ore200 8   6   5   7   6   
B Ore200 7   7   4   0   5   
B Ore200 7 8 0 7 7 1 6 5 1 3 5 3 7 6 1 
B control 8   7   7   4   6   
B control 7   5   7   2   7   
B control 7   6   5   2   5   
B control 8   6   6   1   6   
B control 7   7   5   0   6   
B control 8 8 1 8 7 1 6 6 1 1 2 1 6 6 1 
 
